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From the State Institute of Public Health, 
Tomteboda, Sweden. 


Computation of Results from Experiments 
with Indirect Calorimetry. 

By 

ERNST ABRAMSON. 

Eeceived 2 March 1943. 


For the computation of metabolism on the basis of data ob- 
tained in experiments with indirect calorimetry, J. E. Johansson 
put forward in 1910 a mode of procedure which he developed on 
various occasions later though without carrying it to a conclusion 
at any time. Since Johansson’s death in 1938 I, who was for- 
merly his assistant, have completed and extended this in various 
respects. This mode of computation, which may also be presented 
in the form of simple nomograms, facilitates in high degree the 
calculations necessary for such metabolism experiments. 


I. Eespiratory Quotients and Calorific Values. 

Normal metabolism in the body is taken as comprising three 
type substances, protein, fat and carbohydrate. The protein’s 
nitrogen, together with parts of its carbon, hydrogen and oxygen, 
reappears in the urine, while the N-free remainder is converted 
along witb the fat and carbohydrate into carbon dioxide and water 
by taking up oxygen. Just as protein, fat and carbohydrate are 
regarded in this connection as having a definite typical compo- 
sition, this applies also to the composition and calorific value of 
organic substance in the urine. In computing the converted quan- 
tity of protein, the protein is taken as represented by its N-free 
1 — i32126. Acta phtfs. Scandinav. Vol.6. 
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remainder, calculated per gram N in the urine. The combustion 
then comprises three substances, each of which represents c, h 
and o grams carbon, hydrogen and oxygen or n^ gram atoms 
of carbon, njj and Hq gram molecules of hydrogen and oxygen 
as well as an energy amount of u calories calculated per gram 
metabolized substance or per gram N in metabolized protein. 
The carbon dioxide production will then be no gram molecules 

and the oxygen consumption |no+“ — ngj gram molecules. 

The substance’s respiratory quotient will consequently be 

»o 

q = • 

, nn 

Be + “2 


But 


nc 


Sol'"” 


h 

2.01G 


and no 


o 


Hence 


q = 


c 

c + 2.979 • h — 0.3753 -o* 


If the designation v is inserted for the oxygen consumption 
(litres per gram burned substance or litres per gram N in the urine) 

and w = — for the calorific value of 1 litre oxygen we get 


— ' = 1.8G6 ^ (O^’C, 7C0 mm Hg) and 


w 


u-q 


22.41 -Ur 


: 0.5359 


u* q 


These formulae may bo employed for any substance burned 
in the body. Each substance is characterised by its numerical 
value for these magnitudes. But, besides the stated type substan- 
ces, protein, fat and carbohydrate, other substances may be meta- 
bolized in the body, e. g. alcohol. In certain circumstances other 
final products than those mentioned may also arise, e. g. P- 
hydroxybutyric acid. In the event the composition and heat of 
combustion of such substances are known, it is possible to com- 
pute the numerical values of the constants q, v and w for them 
also. (Table 1.) 
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Table 1. 

Eespiraiory quotient (g), oxygen consumption (v), calorific value of 
1 litre On (xv) and heat of combustion (u) for some compounds. 


Compound 


V 

■\V 


Protein* . 

0.802 

5.976 

4.491 

26.84 

Protein*® 

0.801 

5.939 

4.464 

26.51 

Protein- 

O.809 

5.741 

4.60 

26.41 

Fat* 

0.707 

2.020 

4.686 

9.461 

Fat=a 

0.711 

2.013 

4.72 

9.50 

Fat^b 

0.713 

1.992 

4.79 

9.54 

Carbohydrate* 

1.00 

0.829 

5.046 

4.188 

Carbohydrate* 

1.00 

0.829 

5.06 

4.20 

Ethyl alcohol 

0.667 

1.469 

4.87 

7.11 

/S-hydroxybntyric acid .... 

0.889 

0.969 

4.84 

4.69 

Acetic acid 

1.000 

0.878 

4.76 

4.18 

Acetone 

0.760 

1.544 

4.76 

7.35 

Glucose 

1.000 

0.746 

5.01 

3.74 

Pyrunc acid . 

1.200 

0.636 

4.99 

3.17 


n. Computation of the Energy Metabolism. 

Assume that the body’s oxygen consumption for a certain 
period of time is O2 litres, its carbon dioxide production CO2 
litres, its nitrogen excretion in the urine N grams and its energy 
metabolism U calories. Assume also that one or more other sub- 
stances have been burned to carbon dioxide and water and that 
in the urine other metabolic products, such as /J-hydroxybutyric 
acid, have been excreted. 

Designate the shares of the three type substances, protein, fat 
and carbohydrate, in the oxygen consumption by Xp, Xf and Xj. 
and the shares of each of the other substances by x^, x, etc. The 
oxygen consumption observed, O2, will be equal to the sum of 
Xp, Xf etc., it being noted that the terms Xj, X2 and so on have 
positive signs when the substance in question is metabolized in 

* After Ldsk. (1928). 

’a As in 1) but in this case when computing the N-free remainder deduction 
has not been made for the N-containing substance in the feces 

® After Benedict (1924). As regards fat the values refer a) to animal fat, 
b) to human fat. 
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tlie body, and negative wlien it ap^jlies to a substance excreted 
in the urine. In the equation system below such a substance 51 
is exemplified by the terms ± x^j, ± qm^'m d: 'Vm- 
may then put: 

0, = Xp + Xt-\-x^±x^ ( 1 ) 

CO, = qpXp + qfXf + x^ ± q„,x,„ • • (2) 

U = WpX'p + WjXf 4- "k^'k -i: Wn,x„, (3) 

According to the definitions: 

Xp = Vp-N (4) 

= (5) 

From equations (1) and (2) we get: 

Xf = r-^ - CO, - VpN (1 - qp) T Vp,5I (1 - q J] and (6) 

1— qi 

Xj. = —I— [CO, — 0,q, — VpN (qp — qf) T '^51 (q^, ~ q,)] (7) 

i — qf 


After insertion of the above expressions for Xp, Xj, Xj., and x^, 
in equation (3) and introduction of suitable terms, we get: 

U==dpO, + epCO,-fguN±hp5I (8) 

where 


_ '''f — ^'kqr 
1-qr ’ 


"k— 

1-qt ’ 


h.. 




1 — qi 


1 — qt J 

Wf (1 - 

-qm) 

^'k (qm— qr)' 

1 — 

qt 

1— qt J 


m. Computation of the Metabolized Amounts of Protein, 
Fat and Carbohydrate. 

a) Protein. The type substance protein is assumed to contain 
0.1665 g nitrogen per gram. We thus get the metabolized amoimt 
of protein from the amount of nitrogen observed in the urine by 



EXPERIMENTS WITH INDIRECT CALORIMETRY. 


0 


multiplying Ijy tlie factor 6.00. If account is taken of tke fact that 
0.0037 g of the protein's nitrogen is to be found in the feces, the 
corresponding value for the factor will be 6.14. 

b) Fat. The fat metabolism, P, is obtained from equation 
(6) by dividing by v^. After introduction of similar designations 
as in equation (8), we get 


where 

df = — ef 


p = dfO, + CfCO, -f gfN ± IqM, 


1 


Vp(^— qp) . , 
Vf(l~qf)’ ^ 


( 9 ) 


qm) 

'"f (1— qt) * 


c) Carbohydrate. Correspondingly the carbohydrate metabolism, 
K, is obtained from equation (7) by dividing by Vj.. After intro- 
duction of similar terms as in equation (8), we get 


where 


dk 


K — dj-Oj -f- ej-CO, -f- gij.hr 
1 


qi 


Vk(i — qi) 


ek 


Vk(l — qf) 


> §k 


h^M,. . . . 
_ ^^p(qp- 


qi) 


Vk (1 ~qf) 


(10) 


and 


ht = T 


(qm qt) 

''k(i“qf) ‘ 


d) Some simyle relations between the coefficients d, e and g. 

Between the coefficients d, e and g there exist certain simple relations, 
as may be seen from the summary below. 

dp = ^'"k 

dp + qfCu = Wf 

dp qpCu + ^ = Wp 

df *1“ Gf = 0 

dk + ek = = et (1 — qf) 

^k 

df (1 — qi) = ^ 


These formulae may likewise be employed for checking the com- 
puted numerical values of the coefficients d, e and g. 
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IV. Transformation of one Typo Substance into another. 

From equations (G) and (7) ami from (9) and (10) there is seen tlio 
possilnlit)’- tliat the calculated fat or carbohydrate metabolism may have 
a negative value. It is most simple to interpret a “negative combustion” 
as a new formation. It is, liowevcr, easy to realise +hnt it cannot be 
question of a procc.ss in the opposite direction to combustion, the 
o.xidation process. The initial material for such a process would, of 
course, be the carbon dio.xide and the water given off by tlic body 
during the period of observation. It can therefore only be question of 
a displacement of the amounts of the type substances among them- 
selves, an increase in the quantity of fat or carboliydratc at the ex- 
pense of the others. The Te.sult of such a transformation proce.ss may 
appear at the termination of the olxscrvation period as a store in the 
body, as an excretion product (c. g. .sugar) in the urine or merely as 
a reduction in the customary fat or carbohydrate metabolism. In the 
two first cases the metabolism, computed according to (9) and (10), 
is negative, in the last case positive. The formulae in question give 
therefore the sum of the results of the combustion and of any trans- 
formation processes. 

Our deductions, however, have not assumed any otlier processes 
than those that can be designated as protein, fat or carbohydrate 
combustion and it is therefore necessary to go further into the trans- 
formation procc.sscs to which the expressions (8), (9) and (10) are 
applicable. 

a) Fat formation from carbohydrate. Assume to begin with that a 
certain amount of carbohydrate, y grams, is transformed into 1 gram 
fat, developing carbon dioxide and Avater but not taking up any oxygen. 
Complete combustion of this amount of carbohydrate would obviously 
mean the same oxygen consumption as 1 gram fat. Then, according to 
the definitions under I 

Vf = y • V);, from which 
^ ''k qf*nc(k)‘ 


As y grams carbohydrate contain y • nc^^j) = ^^5(2 gram atoms carbon, 
. . qi 

the amount of carbon m the carbon dioxide formed by this conversion 
is gram atoms. The litre value of the amount of carbon 


dioxide in question is equal to 22.41 ^ nc({)j, which expression 

may be written Vj (1 — q^). The same amount of carbohydrate gives 

off on complete combustion calories. In the transformation 

Vk 


expression 
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described therefore there is liberated — til = Vf (w^ — Wf) calo- 

ries in the form of heat. The amount of energy liberated per litre 
of carbon dioxide will thus be This expression is, as may be 

seen, identical with the coefficient e^ in equation (8). The fat forma- 
tion per litre of carbon dioxide formed is — which value aorees 

Vf(l — q,) 

numerically with the value of the coefficient ef in equation (9), but is 
opposite in sign, which of course, in accordance with the above and 
as should be the case, indicates that it is not a matter of fat combustion 
but an augmentation of the fat store at the expense of that of the car- 
bohydrate. The quantity of carbohydrate burned per litre of carbon 

dioxide is ^ ^ or equal to the coefficient ejj in equation (10). 

b) Carbohydrate formation from fat If it is instead a matter of 
a transformation of fat to carbohydrate it should be noted that 

grams fat contain the same amount of carbon as 1 gram carbo- 

“ccf) 

hydrate. In complete combustion carbohydrate requires no taking up 
of oxygen beyond that corresponding to the amount of carbon. Fat 

on the other hand requires a further — no(f) gram molecules 

oxygen per gram substance. A carbohydrate formation from fat, as 
defined here, is thus characterised by an oxygen consumption of 

— no(f)1 = ^^^(l — qr) gram molecules per gram of 

“C(f) L 2 J 

carbohydrate formed, equivalent to — (1 — qj) litres oxygen per gram 

qi 

carbohydrate formed. The amount of energy liberated, calories per gram 

carbohydrate formed, is Uf • — Uk = ''k I — — ''^k 1 • The amount of 

°C(0 \qf / 

energy liberated per litre oxygen consumed will then be . 

This expression is identical with the coefficient d^ in equation (8). 


The carbohydrate formation per litre oxygen consumed is y 

which value agrees numerically with the value of the coefficient djj 
in equation (10), but has the opposite sign. The quantity of fat burned 

per litre oxygen is — jz r = d# in equation (9). 

Vf(l — qi) 

It has therefore appeared that the energy metabolism calories per 
litre COo in the transformation of carbohydrate to fat, and calories per 
litre Oj in the conversion of fat to carbohydrate, has the same value as 
the coefficient e^i and d^i respectively in equation (8). In the same way 
the expressions for fat formation per litre carbon dioxide produced and 
for carbohydrate formation per litre oxygen consumption agree with 
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the mimerical values for the coefficients e^ or djj for COj and O2 respec- 
tively in equations (9) and (10), which give expression to the change in 
the body’s fat and carbohydrate amounts respectively. Finally, the 
expressions for the carbohydrate quantity metabolized per litre COj 
and the fat quantity per litre oxj'gen consumption also agree ■with the 
values for cjt and dj respectively in the equations (10) and (9), If, 
therefore, a certain portion of the carbon dioxide production or the 
oxygon consumi)tion should come from a fat formation from carbo- 
hydrate or carbohydrate formation from fat, yet irrespective of this 
the energy metabolism of the body as also the changes in the fat and 
carbohydrate amounts may be computed according to equation (8) 
or (9) and (10). 

c) Carbohydrate Jormation from •protein. The same applies in the 
event a part of the oxygen consumption or carbon dioxide production 
comes from a carbohydrate or fat formation from protein, from wliich 
process a ])ortion of the nitrogen excretion by the urine likewise has 
its origin in such a case. Indeed, if the reasoning just presented taking 
the protein’s nitrogen-free remainder as basic material is applied, it is 




■s'k 


evident that for a carbohydrate formation from protein 

nc(p) Vp.qp 

grams protein contains the same amount of carbon as 1 gram carbo- 
hydrate. The requisite oxygen consumption in litres unll then be 


22.11 — no(p)|=— (1 — qp) per gram carbohydrate fonned 

®C(p)L J 9 p ... 

or Vp (1 — qp) litres oxygen per gram N. Tlie energy production is 

obviously Up ■ — Uk=vjj[^‘t — wj^] calorics per gram carbo- 
hydrate formed, equivalent to 


»n(p) 


Vk 


\9p 

- 


''k-qp 


calorics per litre oxygen 


or Vp (Wp — Wkqp) calories per gram excreted nitrogen. 

Let O ' 2 and Is' express that part of the oxygen consumption or 
nitrogen excretion respectively that corresponds to the transformation 
and U' the corresponding share in the body’s energy production. No 
part of the carbon dioxide production belongs to the transformation 
process itself, -ndneh, naturally, does not exclude that the transforma- 
tion may be combined vnth a protein combustion in the ordinary 
manner, i. e. that already considered on the basis of equation (8). 

That equation should for the case in question therefore be written 
U' = duO'a -j- guN'. If there be inserted in this equation the values 
for d^ and gu from equation (8), and the above deduction for oxygen 
consumption per gram nitrogen, we get U' = Vp (Wp — w^qp) N, 
which expression is identical with that just given for energy production 
in the process concerned. 

d) Fat formation from protein. A similar procedure may be employed 
for computing the conditions of a fat formation from protein as in 
computing fat formation from carbohydrate. If we consider z gram 

protein transformed into 1 gram fat, then z = — = The 

'p ®c(p) ” qt 
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litre value of the carbon dioxide given off in the transformation of 

z gram protein is therefore 22.41 — n^f) = Vf (qp q^) 

litres COo per gram fat formation equivalent to Vp (qp — q^) litres 
CO 2 per gram IsT. The energy produced will be ^ ^ — Rf = Vf (Wp W() 

calories per gram fat formation corresponding to — calories 

9p — qi 

per litre carbon dioxide formed or Vp (Wp — Wf ) calories per gram K 

As Wf > Wp the part, U', of the process in the body’s energy con- 
version is negative, i. e., the process must be regarded as being coupled 
with some partial process entering into the assumed combustion pro- 
cesses, by which energy is made available. However, we have in ana- 
logy with the preceding case, U' = eCO '2 -f glSTV^om which it follows 
that, even if during a period of observation the fat amount of the body 
should have increased at the expense of the protein amount yet the 
body’s energy production may irrespective of this be computed ac- 
cording to the formula (8). 

Indirect calorimetry, as already stated, gives no information about 
the chemical nature of the transformation processes in question. When 
there is taken into accoimt the share, for example, the transformation 
process protein to carbohydrate or fat has in the values noted for the 
body’s oxygen consumption, carbon dioxide production and nitrogen 
excretion, the possibility is not excluded that the transformation process 
may be combined with a combustion of greater or less extent. By 
assuming in the computation a production of carbon dioxide and water 
without oxygen consumption or an oxygen consumption above that 
corresponding to the carbon quantity in the basic material, the trans- 
formation processes as well as the combustion processes will be defined. 
As pointed out above, the influence of the transformation processes is 
opposite to that of the combustion processes in respect of the fat or 
carbohydrate metabolism expressed in equations (9) and (10). In con- 
formity with this the share of the stated transformation processes in 

the fat or carbohydrate metabolism, amounting as above to ~ N' or 

must be regarded as negative. The same expressions are 

obtained if the equations (9) and (10) are based on, taking into account 
that the transformation process protein to fat or carbohydrate has no 
share in the body’s oxygen consumption or carbon dioxide production 
and, if the expressions, CO'j = Vp (qp — qt) N' or O'o = Vp (1 — qp) N', 
are introduced as was done above. It is therefore obvious that a com- 
putation in accordance with formula (8) can be applied without further 
alteration even' if the values observed for the body’s oxygen con- 
sumption, carbon dioxide production and nitrogen excretion in greater 
or less degree originate from processes in which a transformation of 
one type substance to another has taken place. 
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V. The Body’s Kcspirntory (iuotiont. 


If the volume of carbon dioxide given off during tlie observation 
period is divided by the volume of oxygen produced dming the 
same time, there is obtained the body's respiratory quotient, Q. 
Employing the formulae (8), (9) and (10), vre get: 


U 


Wf— Wk-qf + Q (Wk' 




qt 


0. + guN 


(8 a) 


E 


1-Q 

Vf(l — qf) 


0. d- g{N 


(9 a) 


K = 0 , + gkN (10 a) 

Vk(l~qf) 


If the actual respiratory quotient lias the value qp — the res- 
piratory quotient for the type substance protein — then there 
occurs no other change in the appearance of the stated formulae 
than that Q is substituted by qp throughout. If, however, Q has 
the value qt or 1 — the respiratory quotient for fat or carbo- 
hydrate — they assume a simpler form. 

Eor Q — qt we get 

U =WfOj-fgu^^ 

F = — O2 -f gfE 

K = gkK, 

and for Q = 1, 

U = WkO. 4- guN 

F=g,N 

' k 

A purely protein combustion takes place when F = 1C = 0, 
i. e. when 

Vk (l~Q) _gf 

Vf(Q — qr) gk 

By substituting in this expression the values for gj in equation 
(9) and for gk in equation (10), we get Q = qp. The condition for 
a purely protein combustion occurring is therefore that Q = qp. 
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On the other hand, a respiratory quotient Q = qp does not ne- 
cessarily mean that a purely protein combustion takes place. 

A purely carbohydrate or fat combustion cannot occur without 
a simultaneous protein combustion. The formulae make it clear 
that with an observed respiratory quotient of 1, the magnitude 
of the metabolism is not obtained by multiplying the amount of 
oxygen consumed by the calorific value of the oxygen for car- 
bohydrate Wj.. In actual fact the metabolism is somewhat smaller, 
dependent on the magnitude of the protein metabolism occurring. 
The amount of carbohydrate converted is then rather smaller than 

that corresponding to the oxygen consumption multiplied by — . 

When Q = 1 there takes place a displacement of the body's store 
of substance to the benefit of fat. If it is assumed that for basal 
metabolism the body’s oxygen consumption has in one case been 
measured as 14 litres per hour and the amount of nitrogen in the 
urine as 0.25 grams, it will be found that the carbohydrate meta- 
bolism will be zero for a respiratory quotient Q =0.717. As q^ 
is 0.707 the difference due to the simultaneous protein meta- 
bolism is therefore extremel}’’ small. A displacement to the advan- 
tage of the carbohydrate store, i. e. so that K in equation (10) 
liolds a negative value, occurs therefore in this case immediately 
Q becomes less than 0.717. 

In principle the circumstances are similar for a respiratory 
quotient Q = q^ There then occurs an augmentation of the 
body’s carbohydrate store at the expense of the other t}q)e sub- 
stances. With the values assumed above for oxygen consumption 
and amount of nitrogen in the urine we get IC = 0 with Q =0.98. 
If in this case the respiratory quotient exceeds 0.98 then K will 
be negative. 

TI. Numerical Talues of the Different Coefficients. 

Nomograms. 

The numerical values for the coefficients d, e and g have, by 
utilisation of the values given in table 1 for q, v and w for protein, 
fat and carbohydrate, been presented in table 2. 

It nail be seen that the values for d, e and g, calculated according 
to the various assumptions regarding the composition of the type 
substances, vary but little one from the other. The greatest is the 
difference in regard to coefficient g^. This, however, in practice 
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is rather insignificant, as this term plays numerically a relatively 
subordinate role in the computation of the magnitude of the 
energy metabolism. The preponderating part of the protein’s 
combustion value is already to be found in the coefficients d„ 
and Cu, referring to oxygen and carbon dioxide. If it be assumed 
that the total metabolism concerns protein, obviously U would 
be equal to u,, • N. The error arising if the term gy were left out 
in computing the energy metabolism according to equation (8) 

would therefore at the outside be equal to ^ — — 0.07.'). Thus 

the error amounts at most to only 7.5 %, i. e. we get with purely 
protein combustion a value 7.5 % too high, if the term gyN is 
neglected. Generally, however, the error is appreciably less. As 
protein combustion as a rule represents less than 15 % of the total 
metabolism, the error is therefore usually about 1 %. 


Tabic 2. 

Numerical values for d, e and g. 





fin 


‘V 


<5|>r 

'•k ; Ek : 

1- 

3.82 

1.23 

- 2.00 

1.09 

— l.GP 

- 2.00 

— 2.91 

4.12 

|- 2.30 

La. 

3.81 

1.24 

— 1.86 

1.09 

— 1.09 

— 2.00 

- 2.91 

4.12 

2.34 

2a. 

4.11 

0.24 

— l.Cl 

1.72 

- 1.72 

- 1.88 

- 2.97 

4.17 

j— 2.35 1 

2b. 

3.88 

1.18 

— 1.38 

1.74 

- 1.74 

— 1.90 

- 3.00 

4.20 

1 — 2.32 ; 


If we insert in table 2 the values given for the different coeffi- 
cients in the equations stated earlier, they would liave for normal 
metabolism the following appearance. 

Energy metabolism, calories U = 3.82 -f- 1.2.S COj — 2.00 

Protein, grams P =G.14N. 

Eat, grams E = 1.69 Oo — 1.G9CO; — 2.0011. 

Carbohydrate, grams . . . . K = 4.12 0, — 2.91 COj — 2.30 K 

The shares of the different type substances in the oxygen con- 
sumption amount to, for: 

protein 5.93917 

fat ........... 3.413(03—002 — 1.18217) 

carbohydrate . 3.413 (002—0.707 02 —0.558317). 
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It is easy to see that the sum of the three last-named quantities 
is, as it should be, equal to O2. The shares of the different type 
substances in the calory metabolism is obtained by multiplying 
the converted quantities computed above by their respective 
values of heat of combustion, u. (Table 1). 

With the aid of the above equations the computation of a meta- 
bobsm experiment is executed surely and rapidly. It can be still 
further facilitated if, after computing the respiratory quotient 
COa/O; and the ration N/Oj, one or both of the attached nomo- 
grams is employed. 

Nomogram. A gives directly the figure by which the amount of 
oxygen consumed is to be multiplied in order to arrive at the total 
energj' metabolism (the oxygen’s calorific value), and the amounts 
of fat and carbohydrate burned. The amount ofprotein is obtained, 
as stated, by multiplying the amount of nitrogen found by 
6.14. From 'tiomogram B we obtain the percentage of share of the 
three type substances in the total combustion and in the oxygen 
consumption. The calorific value of the oxygen in various res- 
piratory quotients, where the protein metabolism amounts to 
10, 15, 20 or 25 % of the total metabolism has, moreover, been 
given in table 3. 


Example. 
Name: L. S. 
Urinary nitrogen 
COj production 
0. consumption 


Converting grams CO2 and 0. to litres. 
22.30 X O.5089 =: 11.38 litres COg. 

20.04 X 0.G997 = 14:.02 litres Oj. 

R. Q. = 0.812. 

N/O. = O.0275. 

Protein = 6.14 x 0.385 = 2.3C grams. 


Date; 12th December 1941. Exp. No. 201. 
0.385 g/hour 
22.30 g/hour 
20.04 g/hour 


From monogram A we get the figures 4. 7 o, 0.203 and 0.3 71, by which 
the amount of oxygen consumed has to be multiplied in order to arrive 
at the energy, fat and carbohydrate metabolism respectively. 

Calories =14.02 x 4.7 0 = 66.7 calories. 

Fat = 14.02 x 0.2C3 = 3.09 grams. 

Carbohydrate = 14.02 x 0.371 = 5.20 grams. 

By means of nomogram B we find that of the total calories 15.3 % 
come from protein, 52. 4 % from fat and 32. 3 % from carbohydrate. 
As regards the oxygen 16.3 % comes from the protein combustion, 
53.1 % from fat and 30. o % from carbohydrate. 
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Nomogram A 


for calcnlating the energy metabolism and the amount of fat and carbohydrate burned. 
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CARBOHYDRATE 

^0, %CAL0- 



No7nogram'.B 

for calculating the percentage of share of protein, fat and carbohydrate in the 
total combustion and in the oxygen consumption. 
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Tftblo 8. 

Calorific values of oxygen for different values of the respiratory 
quotient and for various levels of protein metabolism. 


R.Q. 

Protein metabolism in ^ of tbo total cnerg}' 

metabolism 

JO % 

J5 K 

20 

25 1 


5.01 

5.00 

4.98 

4.90 

0.09 

5.00 

4.98 

4.97 

4.96 

0.98 

4.99 

4.97 

4.96 

4.94 

0.97 

4.98 

4.96 

4.94 

4.92 

0.90 

4.96 

4.96 

4,93 

4.91 

0.96 

4:96 

4.93 

4.92 

4.90 

0,94 

4.94 

4.92 

4.90 

4.89 

0.93 

4.98 

4.91 

4.89 

4.88 

0.92 

4.91 

4.90 

4.88 

4.86 

0.91 

4.90 

4.88 

4.87 

4.88 

0.9 0 

4.89 

4.87 

4.86 

4.81 

0,89 

4.88 

4.86 

4.81 

4.83 

0.88 

4.87 

4.86 

4.88 

4.81 

0.87 

4.86 

4.84 

4.82 

4.80 

0.86 

4.84 

4.82 

4.81 

4.79 

0.86 

4.8.8 

4.81 

4.79 

4.78 

0.84 

4.82 

4.80 

4.78 

4.76 

0.83 

4.80 

4.79 

4.77 

4.75 

0.82 

4.79 

4.77 

4.76 

4.74 

0.81 

4.78 

4.76 

4.74 

4.78 

0.80 

4.77 

4.76 

4.78 

4.72 

0.79 

4.76 

4,74 

4.72 

4.70 

0.78 

4.74 

4.78 

4.71 

4.69 

0.77 

4.78 

4.71 

4.70 

4.68 

0.7G 

4.72 

4.70 

4.68 

4.67 

0.76 

4.71 

4.69 

4.67 

4.65 

0.74 

4.69 

4.68 

4.66 

4.64 

0.78 

4.68 

4.66 

4.65 

4.68 

0.72 

4.67 

4.65 

4.68 

4.62 

0.71 

4.66 

4.64 

4.62 

4.61 

0.70 

4.64 

4.63 

4.61 

4.59 

0.69 

4.63 

4.61 

4.60 

4.58 

0.68 

4.62 

4.60 

4.69 

4.57 

0.67 

4.61 

4.69 

4.67 

4.66 

0.66 

4.69 

4.58 

4.50 

4.54 

0.66 

4.68 

4.57 

4.65 

4.68 






EXPERIMENTS 'n'lTH INDIRECT CALORIMETRY. 17 

TIL Computation of Metabolism when Substances other 
than Protein, Pat and Carbohydrate are Burned or 
when Foreign Matters Occur in the Urine. 

In the discussion up to now the conversion of substances other 
than the type substances protein, fat and carbohydrate has not 
been closely considered. There can, however, be included in 
equations (1), (2) and (3) a number of terms which are there 
grouped under the designation ± ± and ± 

and which refer to the occurrence of substances other than the 
above three type substances. The coefficients d, e and g occurring 
in equations (8), (9) and (10) are only affected as regards their 
numerical . magnitude by the assumed composition of the type 
substances, but not at aU by other substances. A computation 
of metabolism when other substances are burned or when foreign 
matters occur in the urine is shown only by the appearance in 
these last named equations of a number of terms h, the numerical 
values of which are dependent on the chemical composition and 
heat of combustion of the substances in question. 

Assuming that among the values observed there is included 
M' grams of such a foreign matter, which during the experimental 
period has been burned in the body into carbon dioxide and water, 
there would then appear a fourth term in the equations (8), 
(9) and (10) containing M' with the coefficients h'^n, h'f and h'jj. 
The introduction of M' and the values for the h'-coefficients 
derived from its chemical composition is naturally applicable to 
any substance whatever that is administered to the body and 
then stored in or excreted from it. .There is therefore nothing to 
prevent the assumption that the substance M' constitutes one of 
the body substances protein, fat or carbohydrate. In such condi- 
tions the calculation will comprise what has been described above 
as a displacement among the body substances. It is easy to see 
that, if M' is taken as being fat, h'^ and h'jj will be equal to zero. 
On the other hand we have h^j = — 1, which demonstrates that a 
storage (or possibly excretion) of fat has taken place. Similarly 
if is taken as being carbohydrate, h\ ^ f equal to 

zero while h'jj has the value — 1. If M' is taken as protein there 
will be a nitrogen excretion in the urine. If the computation be 
made with this as basis it will be found that the h'-coefficients 
become identical with the equivalent g-coefficients. 

2 — i32126. Acta phi/s. Scandinav. Vol.6. 
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Finally, if it is assumed that during the period of observation 
there occur final products in the urine differing from the normal 
e. g. ^-hydroxybutyric acid, we still start ■ndth the equations (1), 
(2) and (3) containing respectively the terms — x"n„ — q"jnX"m 
and — w",„x",„, where — x''^^ — Let M" designate, say, 

/9-hydroxybutyric acid excreted during the observation period 
and Xj„ Xf and Xj, the shares of the three type substances in the 
oxygen consumption which would have taken place had com- 
bustion been complete, i. e. proceeded without formation of 
^-hydroxybutyric acid. In the formulae (8), (9) and (10) this is 
apparent through the occurrence of the terras containing !M" 
with the coefficients h"„, h"f and h"j.. The introduction of M" 
may naturally refer also to the type substances themselves. In 
such conditions, if M" is taken to be fat, then h"^ and h"]j will be 
equal to zero, while h''^ = 1. If instead M" is assumed to be car- 
bohydrate then h"u and h"f will be equal to zero, while h"j. will 
equal 1. If hi" is taken as nitrogen arising after protein com- 
bustion it will be found that the h"-coefficients will be construc- 
ted identically with the equivalent g-coefficients. 


Table 4. 

The numerical values of the constants hn, ht and h^ for certain 

compounds. 


Compound 

K 


hic 

Etbyl aloobol . 

0.84 

0.82 

— 0.24 

/S-hydroxybutyric acid . . . 

— 0.07 

0.18 

0.78 

Acetic acid 

-0.25 

O.oo 

1.06 

Acetone 

— O.04 

0.C6 

0.27 

Glucose 

— 0.03 

0.00 

0.90 

Pyruvic acid 

— 0.20 

— 0.22 

1.29 


These considerations respecting substances represented by M' 
and M" are therefore conclusive concerning the utility of equa- 
tions (8), (9) and (10) for computation of energj’^ and type sub- 
stance metabolism in the body under various conditions. Finally in 
table 4 there are presented the numerical values of the coefficients 
h^, hf and hj. for different compounds of the kind. When inserting 
these values in the respective formulae care should be taken to 
observe the signs preceding them in the equations in each indi- 
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vidual case. Application of wliat is put forward here may be 
illustrated by giving the necessary equations in computing a case 
where, in addition to protein, fat and carbohydrate, there is meta- 
, bolized in the body during the observation period A grams alcohol 
und excreted B grams /?-hydroxybutyric acid together with S 
grams glucose. 

U = 3.82 Oo + 1.23 COo — 2.00 N + 0.34 A + 0.07 B + 0.03 S. 
P=6.14N. 

P = 1.69 Oo — 1.69 COo — 2.00 N — 0.82 A + 0.18 B. 

K ~ 4.12 00.-2.91 0. — 2.30 N + 0.24 A + 0.73 B + 0.90 S. 

Summary. 

A simple method for computing results from experiments with 
indirect calorimetry is described. 

The formulae mentioned are not only applicable to the normal 
metabolism of protein, fat and carbohydrate, but also when other 
substances, e. g. alcohol, are burned or when pathological final 
products appear in the urine. For practical use two nomograms 
are presented. 
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Microdetermination hy Electrolysis of the Sum 
of Inorganic Cations in Biological Fluids. 

By 

IB HOLM-JENSEN. 

Received 4 March 1943. 

The suggestion of determining metals as amalgams formed 
at a mercury cathode was first made by Gibbs (1880). 

Smith (1903) carried out the first clectroljrtic determination 
of alcali metals according to this principle. 

Hildebrand (1907) designed an apparatus of which the most 
essential features are given in fig. 1. A glass vessel, the bottom 
of which is covered with a layer of mercury forming the cathode, 
is divided into two compartments by a cylindrical glass wall 
dipping into the mercury, but not reaching the bottom. The 
solution to be analysed is placed in the central chamber; in 

the outer compartment 
may be placed pure 
water. Certain metals 
Na, K, Ca, SrandBa, 
which form amalgams 
of sufficient stability 
wall be redissolved in 
the outer chamber 
forming hydroxides, 
w'hereas amalgams of 
Be, Mg and Several 
other metals will be 
immediately destroyed 
!• in the inner chamber. 





Fig. 2, 


and consequently never transmitted to the outer compartment 
(McCutcheon, 1907, Lukens and Smith, 1907). 

A procedure, for determination of the sum of cations in small 
samples of biological fluids based on similar principles, was 
described by Adaik and Keys (1934); a more detailed supplement 
was given by Keys (1936). In this method, the cations are elec- 
trodialysed across a permeable membrane (collodion or cello- 
phane) to a mercury cathode, above which is placed a known 
amount of standard acid in contact with the mercury. The excess 
acid is titrated, without removing it from the vessel. Blank 
determinations must be carried out, they generally amount to 
less than 0.2 microequivalens. Determinations on samples con- 
taining 0.2 ml plasma are accurate within 1 per cent. 

A modification of this method was published by Nielsen 
(1940). This author claims the same accuracy, but his blanks 
contained about 2 microequivalents. 

I have carried out a number of analyses by the method of 
Adabr and Keys and have been able to reproduce the accuracy 
stated, using collodion membranes; but using membranes of 
the kinds of cellophane available, the error increased consid- 
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erably and the blanks now increased to about 2 raicroequivalents 
or even more; tliey would be diminished only temporarily, when 
the membranes had previously been used for clectrodialyzation, 
and prolonged washing out, even in acids, proved to be of no 
effect. 

As collodion membranes arc rather troublesome to prepare in 
the way used by Adair and Keys, another method of preparing 
the membranes was worked out. It was tried also to adapt the 
method of Hildebrand to a micro scale. 

In the following an apparatus is described which is designed 
in accordance with the principles given by Adair and Key-s. 
The apparatus (fig. 2) is adapted for simultaneous determination 
of 10 samples. 

, , ^ f f f f ^ ^ 

Fig. 3. Dingram of tlie arrangement of tho rcsi.slnnce.'!. 1 i.s a signal lamp (40 
m.ainps, 4 volts) which will glow during the first minutes of tho clcctrob’zation 
and when tho electrodes arc short-circuited, and thus indicate that tho circuit is 
unbroken. 2 and 3 are connections to the electrodes. 



The current used may be cither direct current of 110 to 220 
volts from the mains, but a high capacity dry battery of at least 
110 volts may be substituted. A battery of good quality will last 
about a year for ordinary use (about 10 analyses a day). 

In order to eliminate any danger in touching the electrodes if 
main current is used and to protect against damage in case of 
short-circuiting, the current is supplied through suitable resist- 
ances e. g. 2 • 2,500 Q, which are mounted in a separate box 
(fig. 3). It is unnecessary to reduce these resistances, when the 
voltage applied is reduced from 220 to 110 volts as the resistance 
of the dialyzation unit is about 10,000 Q to begin with and is 
rapidly increasing during the electrolysis. After the lapse of 5 
minutes, using 110 volts, it will be of the order of 50,000 Q, 
mainly because the solution is deprived of ions; this means that 
only a voltage drop of about 10 per cent of the voltage applied, 
will now take place in the resistance box. From these consid- 
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erations it is seen also, that it is of practically no use to reduce 
the resistances during the process. 

The dialyzation unit (fig. 4 a) consists of the anode vessel, 
the cathode vessel, two platinum electrodes sealed into glass 
tubes and a rubber stopper with perforations for the cathode 
vessel and for one glass tube carrying 
the platinum electrode, for the anode. 

The anode vessel is a glass tube 
80 X 25 mm vdth excentric tapering. 

The cathode vessel is a glass tube 
80 X 12 mm open at both ends. One 
end is constricted by rotating it just 
touching a gas flame until the inner 
diameter of the aperture measures 
5.5 4; 0.5 mm. (fig. 4 b). 

The collodion membrane is prepared 
directly on the constricted end of this 
tube from a solution of 10 g collodion 
in a mixture of 20 ml ether and 80 ml 
absolute ethyl alcohol. It proved neces- 
sary to adhere to this composition 
especially for the first dipping, and, 
as evaporation cannot be avoided, the 
loss should be replaced by a different 
solution, containing ether and alcohol in a ratio given by their 
rates of evaporation from the above solution, which means a 
mixture of 60 ml ether and 40 ml alcohol. 

4 dippings are made in the collodion with intervals increasing 
from 2 to 8 minutes at ordinary room temperature. In the first 
dipping the tube should only just touch the surface of the solution, 
whereupon it is immediately suspended in a vertical position 
with the membrane do^vnwards. The following dippings are suc- 
cessively made deeper up to about 1 cm, and the tubes are rotated 
about 15 — 30 seconds in an oblique to horizontal position after 
each dipping before being again suspended in a vertical position. 
About 10 minutes after the last dipping a small glass vessel 
filled with water is placed underneath the tube, and the membrane 
just made to touch the surface of the water. The simultaneous 
preparation of 10 of these cathode vessels is finished in about 
30 minutes. After the further lapse of 30 minutes they are ready 
for use. Pi’operly stored, that is with the membranes dipped 



Fig. 4. 
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about 2 mm into a water bath, the membranes will last for about 
10 electrolyses each. If they are allowed to dry the membranes 
will burst before becoming impermeable. 

The electrodes arc platinum wires, sealed into glass tubes of 
10 X 0.25 cm. The platinum wire is connected through a copper 
wire with the resistance box. 

When assembling the dialyzation unit about 0.4 ml mercury 
is run into the anode vessel together with 5 ml of pure distilled 
water, and the sample to be analysed is added. One platinum 
electrode and the cathode vessel are put through the corresponding 
perforations of the stopper, about 0.8 ml mercury is placed in 
the cathode vessel and the stopper is put into position closing 
the anode vessel. Then exactly 1 ml of a 20 m. n, sulphuric acid 
is delivered into the cathode vessel. The platinum electrode is 
introduced resting directly on the collodion membrane and the 
current can be switched on. 

After the lapse of 60 minutes the processes of dialyzation and 
extraction of the cations from the amalgams into the acid is safely 
finished with the reservation that it will take 3 hours to obtain 
100 per cent of the calcium present. 

Titration of the excess acid is now carried out directly in the 
cathode vessels, which remam in position in the dialyzation 
units. The platinum electrode should not be removed during the 
titration. Stirring is obtained by a current of air delivered from 
a capillary glass tube which dips under the surface of the mercury. 
Air for bubbling may be obtained by the arrangement shown in 
fig. 5. A few compressions of the rubber blower will pro^^de 
sufficient air for bubbling through 10 minutes. If not more than 
110 volts has been used for the electrolysis the mercury should 
be bubbled a few minutes before the titration, othervdse the 
results will be a little (about 2 per cent) too low. If 220 
volts has been applied, this previous bubbling is not necessary. 
Methyl red is used as indicator. The titration is best made by a 
Rehberg microburette (1925) containing 100 ,£<1 about 200 — ^210 
m. n. solution of sodium hydroxide; but a bmrette with a capacity 
of 1 ml containing 21 m, n. base may be substituted, without 
seriously diminishing the accuracy of the titration. 

Computation of the amount of cations present is carried out 
in the following way. 

The amount of acid placed in the cathode vessel = 20 micro- 
equivalents, — The volume of base used for titration of excess 
acid = a, for titration of blank = b, and for 20 e. acid = c. 
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The content of cations in the sample will he equal to - 

^ c 

microequivalents. If the volume of the sample is d ml, the con- 

a 

centration of cations will he t-* 20 m n 

c*d 

If the blanks contain more than 0.2 microequivalents the reason 
may he that the distilled water contains ammonia. However, 
this need not impair the precision of the method, as the anode 



vessels all contain the same quantity of water taken from the 
same hottle. In most cases it is not necessary to use redistilled 
water. 

Another cause of increased blank determinations may he im- 
purities in the mercury and, as the volume of mercury used cannot 
conveniently he kept quite constant, the mercury should he 
cleaned thoroughly. It is first washed with tap water in a beaker 
then filtered and sprayed t^vice through a long column of 5 per 
cent nitric acid and finally through 3 changes of distilled water. 
This is conveniently done in tubes like that illustrated in fig. 6 
(Keys). 

When the mercury had been cleaned in this way, we always 
got the same blank determination from units containing the usual 
and 20 times the usual quantity of mercury in the anode vessel; 
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this means that the mercury does not contribute to the amount 
determined in the blanks; tlie blanks were always found to vary 
in projjortion to the volume of water used. Prolonged electroly- 
zation practically did not influence the blanks. 

A large number of determinations on known solutions revealed 
that NHi’’’, Na"*", K'*’ and Ca'*"*' would be determined from pure 

solutions with an error rarely exceeding 
0.1 microequivalents, whereas only about 
20 to 50 per cent of ^Ig’*”*', independent of 
the presence of other ions, would be trans- 
mitted to the acid. The presence of Mg"’"*' 
does not seem to disturb the transmission 
of Ca++. 

The reason why Mg"'"*' is partly trans- 
mitted in this apparatus, although it is 
not transmitted in the apparatus of Hilde- 
brand is undoubtedly that magnesium- 
amalgam is decomposed by the fluid in 
the capillary space between the membrane 
and the mercury. The magnesium hydroxide 
formed, being nearly insoluble, will partly 
adhere to the membrane and partly be 
carried into the acid. The electroosinotic 
flow of water through the membrane, about 
0.1 to 0.2 ml during the procedure, will 
support this process. 

Analysing 2 or more samples of 0.1 ml of 
the same blood plasma, the difference will 
rarely exceed 0.3 microequivalents. Analys- 
ing ashed (450° for 30 minutes) and unashed 
rig- 6. samples, most of the determinations will 

give the same agreement. Sodium chloride 
added to biological fluids is also determined with the same maxi- 
mum error. 

In order to obtain the above accuracy, the delivery of the 
sample and of the acid must be very precise. For these purposes 
the s}T'inge pipettes of Keogh Q935) are specially suitable. 

A number of experiments were carried out with this electro- 
lyzation apparatus using different designs of cathode vessels. 
It was tried to substitute the collodion membrane by a glass 
filter, but the electroosmotic flow of water now exceeded 1 ml/min. 
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The cathode vessel seen in fig. 7 a proved 
to transmit the ions far too slowly. 

The cathode vessel fig. 7 b proved use- 
ful for many purposes. The transmission 
was finished in 1 hour, but the' results were 
too low (about 3 to 6 per cent), this was 
found to be due to formation of hydroxides 
of the cations in the film of water present 
between the glass bottom and the mercury. 

Gentle stirring during the electrolyzation 
would diminish this error. A more serious 
disadvantage analysing blood plasma is 
formation of airbubbles covering the mer- 
cury surface in contact with the fluid 
in the anode vessel, this often fatally 
decreased the rate of migration of ions 
to the mercury. This cathode vessel 
does not transmit magnesium at all. 

I wish to express my hearty thanks to 
professor August Krogh, who suggested this study, for his most 
valuable help and criticism. 

Summary. 

A brief survey of the principles of electrolytic determinations 
of cations of alkali metals and of metals of the alkaline earths 
is given and a modification of the method of Adair and Keys 
for inicroestimation of the sum of cations in unashed samples of 
biological fluids is presented.^ 
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On tlic Eflcct of some Coiimariii anti Oicon- 
inarin Derivatives on the Prothromhin Level 
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By 

JORGEN LEHMANN, 
iteceived 21 Mnrrli 


In previous ])apers (Lkhmann 1942 a, b ancle), the author has 
presented data on tlie prothrombin deprc.s.sinf^ effect in animals 
and man of a dicoumarin [.‘b3'-methylenc-bis(4-liydro.\ycoumarin)], 
first isolated from moulded sweet clover liay and synthesized by 
American investigators (CAMPUELt et al. 3940, 1941, Staumaxx et 
al. 1941) who also first produced li}'poprothrombinemia in animals 
with this substance. Tlie author introduced the dicoumarin in the 
therap}’- of thrombosis (1. c.) and presented 17 cases, in most of 
which a definite beneficial effect was demonstrated. At present 
more than 100 cases of thrombosis liave been treated and in post- 
operative prophylactic purpose about 200 patients. Also American 
investigators seem to be intere.sted in the therapeutic use of the 
substance. A personal communication from dr. Allex and dr. 
Barker at the Mayo clinic, Bochester, mentions, that they have 
treated a similar amount of patients. 

Parallell to the clinical work the author has run a study in- 
tending 1) to investigate derivatives of the simple coumarin 
molecule in order to see if any antiprothrombin action could be 
demonstrated, 2) to find the active groups in the 3,3'methylene-bis 
(4-hydroxycoumarin), 3) to investigate the possibilities of finding 
a watersoluble stable derivative of the dicoumarin for intravenous 
injection and eventually to find other active dicoumarin com- 
pounds. The present paper deals with these problems. 
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Methods and Preparations. 

Rabbits on ordinary diet were used as test animals and tbe pro- 
thrombin was determined with tbe authors’ modification (Lehmann 
194:1) of Quick’s method. The prothrombin level was expressed in 
index units. 
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Fig. 1. 
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The substance to be tested was given per os in increasing doses to 
the same rabbit. After every dose the prothrombin was allowed to return 
to normal index (90 — 110) and after 2 — 4 days a new dose was given. 

In order to be able to compare the activity of the different sub- 
stances a unit for their antiprothrombin action was chosen. This unit 
is defined as the amount of the substance, expressed in mg, and given 
per os to rabbits of 2 kg body weight, which depresses the index from 
100 to 50 (rb 10). Abbreviated the an/ipro//irom6ni wn7. is termed AP.U. 
Such a unit is open for criticisms from several points of view (different 
sensibility of the animals, the hyperbolic index scale etc.). The unit 
therefore only serves as a preliminary, very rough basis for the com- 
parison. 

The substances tested were — with exception of coumarin — kindly 
synthetized by K, G. Rosdahl and T. Nilsson at the Fenosan Comp., 
Malmo, Sweden: 

1) Coumarin, rccrystallizcd from water, M. p. 70®C. 

2) 4-IhjdToxycoumarin. Prepared by the method of Pauly and 
Lockemann (1915) from the methyl ester of acetylsalicylic acid and 
metallic sodium. Recrystallized from water. M. p. 210‘’C. 

3) S-Methyl-i-hjdroxtjcoumarin. Prepared ’by the method of Heil- 
BRON and Hill (1927) from ethylmethylsodioacetoacetate and o-acet- 
oxybenzoylchloride. Repeated rccrystallization from diluted ethanol 
and finally from methanol. M. p. 229°C. 

4) 3,3' •Methjlcne-his-{4-hy dr oxy coumarin). Prepared by the method 
of Anschutz (1909) from 4-hydroxycoumarin and formaldehyde. M. p. 
285’’C. 

5) 3,3' -Ethylidene-bis{4-hydro7ry coumarin). Prepared by the method 
of Anschutz from 4-hydroxycoumarin and acetaldehyde. Recrystallized 
from aceton. M. p. 176 — 177°C. 

6) 3,3'-Methyiene-his-{4-acctylhydroxycoumarin) and 

7) Carhoxymethylcnc-bis-{4-hydroxycoumarin) were prepared by K.-G. 
Rosdahl by methods to be published later. 


Besults. 

1) Coumarin, Fig. 2 shows the action of coumarin on the pro- 
thrombin level. As seen 1 AP,U, — 2000 mg. The result was rather 
irregular in different rabbits. Some of the rabbits died from this 
dose and most of them when it was increased to 2500 mg. 

2) 4-Hydroxycoumarin, 

The introduction of an hydroxy group in position 4 increased 
the antiprothrombin activity of the coumarin about 4 times. 
1 AP.U = ca. 600 mg. See fig. 3. 

3) 3-Metliyl-4-liydroxycoumann, 

This compound is of special interest as its constitution is very 
similar to that of the vitamin K f3-methyl-l,4-naphto(juinone). 
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According to this similarity in constitution it could be expected, 
that the substance should be able to interfere mth vitamin K 
in the hypothetic enzyme complex of the liver, in which vitamin 



Fig. 2. The effect of coumarin on Fig. 3. The effect of 
the prothrombin level in rabbit. 4-hydroxycoumarin on 

the prothj-ombin level 
in rabbit. 


K is active in producing prothrombin (Competitive inhibition, see 
further Lehmann 1942 a, b and c). 

Fig. 4 shows that these suggestions were not verified as the 
substance does not depress the prothrombin level more than 4- 
hydroxycoumarin. 1 AP.U. = co. 500 mg. 



Fig. 4. The effect of 
3-methyl - 4 -hydroxycou- 
marin on the prothrom- 
bin level in rabbit. 


Fig. 5. The effect of 3,3'-methylene-bis- 
(4-hydroxycoumarin) on the prothrombin 
level in rabbit. 

The intervalla in the prothrombin curve 
between the different doses indicates that 
a few days passed between the doses. 
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Further substitution in the coumarin molecule was -without 
interest. 

4) 3,3' Methjlcnc-his~{4-hy dr oxy coumarin). 

In fig. 5 is seen a tj'pical experiment with tliis substance. 

1 AP.XJ. = 2 — 4 mg. Lethal dose about 500 mg. The author 
has not found any rabbit resistent to the substance, as mentioned 
by the American investigators. 

5) 3,3'Ethylidene-bis-{4-?iydroxycotmarin). 

The substitution of the methylene bridge by an ethylene bridge 
between the two coumarin molecules gave a substance of about 

the same activity as 
that of the substance 
vith the methylene 

n j'* bridge. The shape 

/ of the prothrombin 

curve, the toxicity 
and the solubility was 
similar to that of the 
original dicoumarin. 
Fig. 6 show's the activ- 
ity of the substance., 

6) 3,3' -Methylene- 
bis -{4- acetohydroxy - 
coumarin). 

Substitution in the two 4-hydro.xygroups was tried with several 
acids. Phosphorylation and sulphonation was, in analogy -with the 
synthetic vitamin K, expected to give watersoluble substances. 
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Pig. 0. The effect of 3,3'-ethyliclenc-bis-(4-hy<lroxy- 
coumarin) on the iirothrombin level in rabbit. 


Pig. 



7. The effect of 3,3'-methylene-bis-(4-acetylhydroxycoumarin) on the pro 
thrombin level in rabbit. 
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These substitutions have, however, as yet not been successfully 
performed. Acetylation was easely performed, but the substance 
was not watersoluble. The activity of this compound is seen in 
fig. 7. 

1 AP.U. = ca. i mg. thus about the same activity as for the 

unsubstituted 3,3'-methylene-bis-(4-hydroxycoumarin). It differs 

however from this substance in two 

respects, a) The duration of the 

produced hypoprothrombinemia per- 

sists considerably longer (4 — 7 days) oj 

as compared with 1 — 2 days for the *0 

3,3' - methylene - bis - ( 4 - h3’'droxycou - 

marin) before it suddenly rises 53 

towards normal index-values, b) « 

The toxicity was found increased 

as the dosis lethalis was about 50 

mg, compared with about 500 mg 

for the 3,3'-methylene-bis-(4-hyd- 

roxycoumarin) — thus 10 times Fig. 8. The effect of carbo.\yme- 
. „ , . thylene-bis-(4-hj’droxycouraarin) 

more toxic, oevere lesions were on the prothrombin level in rabbit. 

found in the liver and the Iddneys. 

These properties prohibit its use in the clinic. 

7 ) Carboxy-methylenc-his-{4-]iydroxycoumarin) . 

The introduction of a carboxy group in the methylene bridge 
gave a substance, whose sodium salt was watersoluble to 25 %. 
The substance was however of very little activity by intravenous 
injection. A somewhat greater activity was found when admini- 
strated per os. (Fig. 8.) 1 AP.U. = 150 — 300 mg. 

The substance was, due to its low activity, of no interest. 

Discussion. 

The dimethyl ether of the dicouraarin has been investigated by 
Campbell and Link (1941) and found inactive. The authors 
therefore conclude that the hydroxygroups are essential for the 
prothrombin depressing effect. However, acetylation in the 
hydroxygroups was in this investigation found to give a highly 
active substance with a prothrombin curve differing from that of 
the not substituted dicoumarin. See fig. 7. It can be discussed 
if the prolonged prothrombin depressing effect is due to a succes- 
sive hydrolysis of the acetylated compound giving the 3,3'-methy- 

3 — i3212G. Acta vhps. Scandinav. Vol. 6. 
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lene-bis-(4-hydroxycoumarin). This process can not explain the 
fact, that the acetylated compound is about 10 times more toxic 
than the not acetylated as judged from the lethal dose. On the 
other hand, it is just as possible, that the not substituted com- 
pound to a certain degree is acetylated in the organism. Any sure 
conclusion concerning the necessity of the hydroxygroups for the 
antiprothrombin activity thus can not be drawn from these 
experiments. 

Since the present investigation was finished Jansen and Jensen 
(1942) have published a similar investigation. The substances 
Nr. 2 — 3 — 4 and 6 were also tested by these authors. Only 3,3'- 
methylene-bis-(4-hydroxycoumarin) and the ethylidene compoimd 
were found active. That Jansen and Jensen did not find 4-hydr- 
oxycoumarin and 3-methyl-4-hydToxycoiimarin active is explained 
by the circumstance, that they have only tested doses of 10 centi- 
grams per kilo body weight (rabbits) and thus have not been 
able to detect the slight activity of these compounds demonstrated 
by higher doses. 

Jansen and Jensen discusses the present author’s theory of 
the mechanism of the prothrombin depressing effect of the dicou- 
marin. According to this theory the dicoumarin — owing to its 
structural relation to %’itamin K — acts in a competitive way 
preventing the interaction between the vitamin and the enzyme 
system responsible for the prothrombinproduction in the liver. 
On the basis of certain differences in the chemical structure of 
the two substances the Danish authors do not accept the theory. 
Especially the inactivity of 3-methyl-4-hydroxycoumarin is taken 
as an argument against the theory. As shown here this substance 
has a certain activity even if, from its structural relation to \'ita- 
min K, it would be expected to be more active than found. When 
discussing the theory it must be remembered, that even if the che- 
mical structure of a substance often can explain its pharmaco- 
logical activity, it is difficult to deduce an inhibitory effect of a 
closely related substance from the chemical constitution. The 
group or groups to be changed to produce the inhibitory effect 
are not known in this case. The best way to judge the validity 
of the theory must therefore be to test, if the two substances 
counteract one another. As shown by the author this is the case 
with the dicoumarin and Autamin K in man. 

The introduction of a methyl group in the methylene bridge did 
not change the activity essentially. However, if a car6oxy group 
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was introduced — giving a watersoluble substance — the activity- 
decreased remarkably. If this is due to a spUtting of the two 
coumarin molecules in the organism is not known. That the 
substance was found more active given per os than parenterally 
is explained by the fact, that all of the substance passes the liver 
when given per os. 

The very slight activity of the simple coumarin molecule is 
perhaps not specific. Possibly other substances given in so high 
doses will be able to produce a similar disturbance in the prothrom- 
bin production in the liver. 

As seen from the experiments the compounds investigated 
showed no advantages compared with the original 3,3'-methylene- 
bis-{4-hydroxycoumarin) and an active stable watersoluble sub- 
stance for intravenous injection was not found. 


Summary. 

1) The prothrombin depressing effect of derivatives of coumarin 
and 3,3'-methylene-bis-(4-hydroxycoumarin) have been investi- 
gated in rabbits in order to find the pharmacologically active 
groups and if possible a watersoluble stable compound of the 
dicoumarin. 

2) Most of the substances tested were found active. The highest 
activity — combined with less toxicity — was excerted by 3,3'-me- 
thylene-bis- (4-hydroxy coumarin) . 

3) Garboxymethylene-bis-(4-hydroxycoumarin) was water- 
soluble but of very little actmty. 

4) The active groups in the dicoumarin are discussed. Intro- 
duction of certain radicales in the hydroxygroups as well as in 
the methylene bridge did not abolish the activity whereas this 
was the case when other radicales, were introduced at the same 
places. 
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OxidatiYC Breakdown of Hyaluronic and 
Oliondroitin Snlpliuric Acid. 

By 
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The term "spreading factor” has in later years been applied 
to substances Avith the power of increasing the sju’eading of dye- 
stuffs or toxins in the skin Avhen injected intracntaneously to- 
gether with these. Such a substance Avas first found in normal 
testicular tissue by Duran-IIeyxals ( 1928 ) and has later been 
demonstrated in various other tissues, as Avell as in certain bac- 
teria and in snake venoms. MoreoA^er, substances such as ascorbic 
acid (oxidised by hydrogen peroxide), azoproteins, diazobenzene- 
sulphonic acid and arsenious oxide haA’^e been found activ'e as 
spreading factors (McClean and Ha7.e, 1940 ; McCleax and Hale 
1941 ; Favili.i, 1940 ; Hobba', Daavson, Meyer and Chaffee, 
1941 ). 

Chain and Duthie ( 1940 ) made the important obserAmtion 
that testicular extracts possessing spreading activity decrease 
the Auscosity of sjmoAual fluid and vitreous humour Avith the 
liberation of reducing substances. Meyer and Chaffee ( 1940 ) 
later showed that the hyaluronic acid present in these substrates 
is split into reducing products by such extracts, and it has subse- 
quently been demonstrated that extracts of leech head, skin 
and pneumococci, all containing spreading factors, also hydro- 
lyse hyaluronic acid (Hobby, Da avson, Meyer and Chaffee, 
1941 ; Meyer, Chaffee, Hobby and Dawson, 1941 ). As this 
polysaccharide acid is present, in the skin (Meyer and Chaffee, 
1941 ) the spreading effect in all these instances is not improbably 
due to a hyaluronidase action. 



38 


BENQT 8KANSE AND LARS SUNDBLAD, 


Ascorbic acid, azoproteins, and diazobenzenesulphonic acid 
have also been shown to decrease the viscosity of synovial fluid, 
which suggests that these substances might also exert their 
spreading action by some form of depolymerisation of the hyalu- 
ronic acid. In these cases, however, the “mucinase” action cannot 
be due to a simple hydrolysis of the hyaluronic acid, since accord- 
ing to McClean and Hale (1940) the decrease of viscosity of 
the substrates is not accompanied by the liberation of free N- 
acetylglycosamine or other reducing substances. Although the 
action of ascorbic acid on synovial fluid and vitreous body mucin 
has been studied in some detail, the mechanism of the reaction 
is still obscure. There has not even been any definite experimental 
proof that the decrease of viscosity is due to a breakdowm of the 
hyaluronic acid. 

Robertson, Ropes and Bauer (1939) found that the viscosity 
of vitreous humour was reduced spontaneously and suggested 
that this reduction was due to its content of ascorbic acid (ap- 
proximately 0.5 mg/ml as determined by dichlorophenolindo- 
phenol titration). They therefore studied the effect of ascorbic 
acid on the viscosity of mucins from vitreous body and synovial 
fluid. They found that the viscosity reducing effect of ascorbic 
acid was activated by a trace of copper or hydrogen peroxide. 
An excess of the latter decreased the activity. Potassium ferri- 
oyanide, iodine or quinone could not serve as activators. Ascorbic 
acid also decreased the viscosity of mucins of epithelial origin 
as well as that of starch solutions. Increasing the concentration 
of the ascorbic acid from M/500 to M/5, McClean and Hale 
(1940) found a quite inconsiderable rise in the reaction rate. The 
viscosity reached at the end of the experiments did not rise again 
on dialysis of the reaction mixture. A reversibility of the reaction 
could therefore not be demonstrated in this way. A series of other 
reducing substances, hydrogen sulphide, hydroquinone, pyro- 
gallol and sodium sulphite Avere also found to be more or less 
active in the same Avay as ascorbic acid. Just as this compound 
they did not liberate any reducing substances from the substrate. 
Even the viscosity of the heated substrates Avas reduced, which 
excluded the possibility that an enzyme already present Avas 
activated by these agents. 

It appeared to us that the decrease of viscosity brought about 
by ascorbic acid in the substrates concerned might be due to an 
oxidative breakdoAvn of the hyaluronic acid. Such a reaction 
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■would not be unparallelled, since cellulose is kno-i?n to be easil 7 
depolymerised by various oxidising agents. An oxidative break- 
do-wn of byaluronic acid might also be the cause of the spreading 
effect of other substances ■without hydrolysing po-wer. As the 
reaction between ascorbic acid and hyaluronic acid might also be 
of biological importance, it seemed well worth a closer study. 
It may be stated here that the idea suggested above concerning 
the action of ascorbic acid proved to be correct, and that a 
similar breakdown of the hyaluronic acid could be effected by 
various oxidising agents, i. a. by molecular oxygen. In view of 
the close chemical and biological kinship between hyaluronic 
and chondroitin sulphuric acids, the latter .was also included in 
our investigations. 

We had already finished our experimental work, when we 
observed a further publication by Robertson, Ropes and 
Bauer (1941) dealing with ascorbic acid as a degrader of mucins. 
Ascorbic acid together with hydrogen peroxide gave a rapid 
degradation, whereas hydrogen peroxide alone was found to be 
inactive. Ascorbic acid oxidised by atmospheric oxygen was also 
inactive. (This oxidation, however, had proceeded too far to 
yield reversible oxidation products.) The degradation caused by 
ascorbic acid without hydrogen peroxide was found to be complet- 
ely inhibited by catalase. Hence the authors conclude that the 
ascorbic acid causes degradation only in its reduced form and 
in the presence of hydrogen peroxide. The mechanism could not 
be explained. Pointing to the resemblauce between the degra- 
dation of mucin and the reduction of the ■viscosity of starch paste 
by amylophosphatase and between the breakdown of syno^vdal 
fluid mucin by serum phosphatase and the dephosphorylating 
acti^vity of ascorbic acid, they suggest that a dephosphorylation 
might be responsible for the breakdown of the mucins. As mil 
be seen from the following data, the observations of Robertson, 
Ropes and Bauer (1941) are in several respects not in agreement 
■v\dth ours. 


Methods. 

As substrates vre. used pure hyaluronic acid isolated from vitreoiis 
body, syno^vdal fluid and umbilical cord and chondroitin sulphuric 
acid from cattle cartilage.^ 

* We are indebted to Professor G. Bcix for supplying this material. The purity 
was checked by analysis (Blix). The substances were isolated without the use 
of alkali. For the methods of preparation we refer to Blix and Sxellmax (IJi )• 
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Viscosities -were determined with Ostwald viscosimeters in a water 
bath usually at 37 iO.!® C. All viscosities were calculated relative 
to the viscosity of the buffer employed (]\I/15 phosphate buffer of 
Sorensen). As a measure of the viscosity reducing activity was em- 
ployed the time required for the liquid to arrive at a level half-way 
between the original level and that of the solvent. 

Total reduction calculated as glucose was determined by the method 
of Hagedorn and Jensen. Acctylglucosaminc was determined by 
the method of Morgan and Elson (1934). Glucosamine was determined 
according to Nilsson’s modification of this method (1936), glucuronic 
acid according to Burkhart, Baur and IjINK (1934). 

A few drops of toluene were always added in the experiments to 
prevent bacterial action. 


Experiments on iryaluronic Acid. 

1. The effect on the. viscosity of hyahtronic acid by ascorbic odd, 
hydrogen peroxide and molecular oxygen. — The results of our 
first series of experiments arc given in Fig. 1. It appears that 
ascorbic acid decreases the viscosity of solutions of pure hyaluro- 
nic acid, and that the effect is liighly accelerated by small amounts 
of hydrogen peroxide. "With ascorbic acid alone the half viscosity 
level was reached in 55 minutes, with ascorbic acid -f hydrogen 
peroxide in less than 5 minutes. Contrary to the findings of Ro- 
bertson et al. for mucin, hydrogen peroxide alone is here seen 
to cause a marked fall in the viscosity, although this effect is 
relatively slow, the half viscosity level being reached in about 
150 minutes.' As in the case of the mucin, traces of Cu"'"'' accel- 
erated the effect of ascorbic acid. V’^hen ascorbic acid was used 
without hydrogen peroxide, the effect was completely inhibited 
on addition of small amounts of dicthyldithiocarbamate or po- 
tassium cyanide. The activity could in these cases be restored 
by an excess of copper. On the other hand tungstate, which 
forms complexes with iron but not with copper (Banga, 1938), 
did not have any inhibitory effect. These observations indicate 
that the decrease of viscosity in the experiments where only 
ascorbic acid was used, was very probably due to a copper ca- 
talysis. 

In agreement with the results of McClean and Hale (1941) 
and Madina VEITIA and Quibell (1941) for mucins, we found 


’ The time recjiiired to reacli Imlf viscosity level is somewhat variable for difTerent 
preparations of hyaluronie acid. 
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Hyaluronic acid 0.25 % in all experiments. A = control, buffer only, pH 7.2. 
B = 0.1 ml 3 % HjOj in 5 ml solution, (no ascorbic acid). C = M/lOO ascorbic 
acid. D = M/100 ascorbic acid plus traces of Cu"*^. E = M/100 ascorbic acid 
+ H.Oj in the same cone, as in B. P = M/100 ascorbic acid + a small amount 
of diethyldithiocarbamate or potassium cyanide. 

tlie time required to bring about a given decrease of viscosity 
of a hyaluronic acid solution was but little influenced by variation 
within a wide range of the ascorbic acid concentration. Thus no 
noteworthy increase in the reaction rate occurred when the con- 
centration of the ascorbic acid was raised from M/3,000 to M/50. 
With M/5,000 or M/10,000 ascorbic 'acid the reaction rate showed, 
however, a marked fall. The most probable explanation for these 
facts seems to be that the concentration of Cu'*''*' is a limiting 
factor in the experiments where the ascorbic acid concentration 
exceeds M/3,000. 

Further experiments showed that the presence of molecular 
oxygen is necessary to produce the ascorbic acid effect when 
hydrogen peroxide is not added. 
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As seen from Fig. 2 no diminution of viscosity occurred under 
anaerobic conditions. The bubbling of oxygen through the liquid 
increased the reaction rate somewhat. 

The results obtained above suggested that the dehydroascorbic 
acid might be the oxidising agent. This question was further 
investigated as follows. Molecular oxygen was bubbled through 
a M/200 solution of ascorbic acid in phosphate buffer of pH 7.2 
at + 37° C. The bubbling was stopped when a sample taken from 
the reaction mixture showed by dichlorophenolindophenol titra- 



Hyaluronic acid 0.25 % in buffer of pH 7.2. Temp. -}- 37° C. Ascorbic acid 
M/100 in all experiments. No extra Cu’*"*' was added. A = in vacuo. B = open 
to air. C = oxygen bubbled through the mixture. 


tion that at least 99 % of the ascorbic acid originally present 
had been oxidised. The viscosity reducing power of this oxidised 
solution proved to be practically the same as that of the original 
one (Fig. 3). To exclude the possibility that the remaining un- 
oxidised ascorbic acid (at most M/20,000) was responsible for the 
reaction, a control experiment with M/10,000 ascorbic acid was 
carried out. This concentration, however, was practically inactive. 
— From Fig. 3, where these experiments are graphically repro- 
duced, it also appears that the ascorbic acid fully oxidised by 
oxygen is, at least in the concentrations here used, not far from 
inactive in the absence of molecular oxygen. 
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The small and somewhat vamng effect obtained in these 
anaerobic experiments might be due to some oxidation of hyal- 
uronic acid by dehydroascorbic acid. In view, however, of the 
relatively high concentration of copper here used and the fact 
that the viscosimetric determinations were not performed with 
exclusion of air, such an explanation of the small effect observed 
does not appear very prob-* 
able. In fact we did not 
succeed in demonstrating 
by titration any reappear- 
ance of ascorbic acid in 
these experiments. In the 
aerobic experiments with 
oxidised ascorbic acid no s 

reappearance of ascorbic ! «» 

acid could be established | 
by titration. Thus we have 
obtained no evidence as yet 
that dehydroascorbic acid 
functions as oxidiser in the 
reaction studied. It may 
be added that the oxida- ^ 
tion of the ascorbic acid 



by molecular oxygen, as 
determined by dichloro- 
phenolindophenol titration, 
did not proceed more slowly 
in the presence of hyalur- 
onic acid than in its absence. 


Fig. 3. 

Hyaluronic acid 0.25 %. A=M/200 ascorbic 
acid -1- traces of Cu"*^. Free access of atmo- 
spheric oxygen. B = M/200 ascorbic acid 
oxidised by molecular oxygen. Free access of 
atmospheric oxygen. C = as B but in vacuum. 
D = control experiment with M/10,000 ascorbic 
acid. 


This observation also refutes 


to some degree the idea that the dehydroascorbic acid functions 
here as an oxidising agent, and that ascorbic acid — dehydro- 
ascorbic acid serves as a “cyclic” catalyst. The fact that the 
oxidised ascorbic acid was active only under aerobic conditions 
might possibly indicate that a labile peroxide is involved in the 
reaction. The observation that the activity of oxidised ascorbic 
acid is almost completely inhibited by diethyldithio carbamate 
indicates that the copper does not confine its activity to that of 
an ascorbic acid oxidase. 

The observation that ascorbic acid, to which had been added 
an equivalent amount of iodine or potassium ferricyanide, was 
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inactive, is of some interest in tliis connection. As hydrogen per- 
oxide is formed by autoxidation of ascorbic acid (Barron, De 
Meio and Klemperer, 1935) it appeared conceivable that hydro- 
gen peroxide might also play a role in the experiments -where it 
had not been added. This possibility could, however, be ruled out, 
since the addition of pure catalase* did not inhibit the action of 
ascorbic acid in such experiments. In this respect our results 

disagree with those of 
Eobertson, Rope.s and 
Bauer for mucin (1941). 

A series of experiments 
were conducted in which 
hydrogen peroxide was 
tried alone in various con- 
centrations. With JI/ 5 H 2 O 2 
the half viscosity value was 
reached after 75 min. 

A decrease of viscosity 
was observed already at a 
concentration of hydrogen 
peroxide as low as WoOO. 
In these experiments the 
reaction rate was also 



Hyaluronic acid 0.3 %. pH 7.2. A = buffer 
only. ]3 = A plus traces of copper. C = A plus 
1 mg Na-cyanide or 1 mg dicthylditliiocar- 
bamato in 5 ml. solution. 


raised by traces of Cu'*"*' 
and strongly inhibited by 
cyanide and diethyldithio- 
carbamate. 


A solution of hyaluronic acid in a phosphate buffer of pH 7.2 
standing open to the air did not change in viscosity Avithin the 
observation time of one week. Bubbling oxygen through the liquid 
at -f 37° C for 24 hrs. produced a small (about 5 %) reduction 
of viscosity. At -|- 100° C the effect Avas marked, the half A'iscosity 
being reached in 1 — 2 hrs. The experiments Avere repeated in 
buffers Avith the pH varying betAveen 5 and 8. The decrease in 
viscosity was somewhat more rapid in the more alkaline solutions 
than in the acid ones. Control experiments Avith nitrogen instead 
of oxygen gave an inconsiderable reduction in viscosity. In order to 
find out whether a copper catalysis was also iuAmlved in the oxida- 
tion by molecular oxygen, experiments were conducted at -f- 100° 


' We are indebted to Professor H. Theorell, Stockholm, for the pure, catalase 
preparation used. 
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C in which, minute amounts of diethyldithiocarbamate and 
cyanide respectively were added. The results given in Kg. 4 
indicate that the autoxidation of hyaluronic acid at + 100° C 
is, at least in the main, due to a heavy metal catalysis. 

2. The effect of certain 
other oxidising agents on the 
viscosity of hyaluronic acid’. 

— Some redox systems of 
the same tj^pe as ascorbic 
acid — dehydroascorbic 
acid Avere also tried. Cyste- 
ine in the presence of cop- 
per had at pH 7.2 a marked 
effect. Hydroquinone and 
p}>Togallol at pH 7.2 had 
an obvious but not very 
strong viscosity reducing 
effect, Avhich like that of 
ascorbic acid disappeared 
under anaerobic conditions. 

We also observed that the 
solution with hyaluronic 
acid and hydroquinone kept 
colourless for a much longer 
time than did a blank solu- 
tion with hydroquinone 
and buffer only. The ex- 
planation for this is probably that the quinone formed in the 
oxidation of hydroquinone by atmospheric oxygen is reduced by 
the hyaluronic acid, hydroquinone-quinone thus acting as a cyclic 
catalyst. Some other substances of a related chemical type, namely 
adrenaline, dioxyphenylalanine and thioglycollic acid Avere, on 
the other hand, foimd to be inactive (at pH 7.2). An experiment 
Avith a stronger oxidising agent, potassium permanganate, brought 
about a marked decrease of viscosity. Some of these results are 
given in Kg. 5. 



Hyaluronic acid 0.3 %. pH 7.2. A = M/50 
liydroquinono plus traces of Cu. B = M/i50 
cysteine hydrochloride plus traces of Cu. 
C = M/100 potassium permanganate. 


3. The degradation products of hyaluronic add. — In the experi- 
ments Avuth ascorbic acid, hydrogen peroxide, and molecular 
oxygen the reaction mixtures were tested at the end of the 
experiment for reducing substances and free acetylglycosamine, 
in all instances AA’ith negative results. That depolymerisation of 
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the hyaluronic acid takes place as the viscosity of the solutions 
fall is, however, easily demonstrated. 

The Na-salt of hyaluronic acid was dissolved in distilled water 
and dialysed against running tap water for 48 hours. The nitrogen 
content of the solution determined by the Kjeldahl method 
remained constant during this period. 100 ml of the solution, 
containing 80 mg hyaluronic acid, were treated with ascorbic 
acid at for 24 hours and thereafter dialysed against distilled 
water. N-containing substances passed into the external water, 
and efter dialysis for 24 hours against running water the N- 



Fig. 6. 


content of the internal solution had fallen to 24 % of the original 
value. When ascorbic acid + hydrogen peroxide was used still 
more N-containing substances passed through the dialysis 
membrane. 

A more direct proof of the depolymerising action of the as- 
corbic acid was obtained in the following way. As has been shown 
by Blix and Snellman (1943), solutions of hyaluronic acid 
show a very marked double refraction of flow, indicating mole- 
cules of a threadlike shape. In the experiment given in Fig. 6 
the reaction mixture contained 1 % hyaluronic acid as Na-salt, 
0.5 % ascorbic acid and an equimolar amount of HjOo in a phos- 
phate buffer of pH 7.2. The temperature was -j- 37° C. The 
change of double refraction was followed simultaneously in the 
same solution, and was found to diminish rapidly and to be almost 
unmeasurable after 20 minutes. Similar results were obtained 
using ascorbic acid alone or H^Oa alone. Here also there was 




OXIDATIVE BBEAKDOWN OP BYALDRONIC ACID. 47 

good agreement between tbe fall in viscosity and the decrease 
and disappearance of double refraction.^ 

The formation of carboxyl groups is to be expected in an 
oxidative breakdown of a polymeric carbohydrate. Accordingly 
experiments were conducted to find out whether the formation 
of such groups could be detected by titration in the degradation 
of hyaluronic acid by ascorbic acid or hydrogen peroxide. 

50 mg hyaluronic acid in 10 ml water were exactly neutraUsed 
with N/lOO NaOH, using bromothymol blue as indicator. 0.15 
ml 30 % hydrogen peroxide was added and the mixture kept 
at -j- 37° C, protected against atmospheric carbon dioxide. At 
appropriate intervals the reaction mixture was titrated with 
N/lOO NaOH. The degradation was at the same time followed 
viscosimetrically. The results are given in Table I. 

Table I. 


, ijijjjjg ml N/lOO NaOH required 

for neutralisation 

24 hrs 4.8 

48 B 4.1 

72 B 2.5 

96 » 0.7 

Total 12.1 


The experiment was repeated several times using the quantities 
of hydrogen peroxide just necessary for decreasing the viscosity 
to its end value. A total of 12.0 — 13.6 ml N/lOO NaOH were con- 
sumed in these experiments. The decrease of viscosity and the 
formation of titratable acid groups ceased almost simultaneously. 
Addition of large excess of H.O 2 at the end of the experiments, 
however, brought about a further NaOH consumption. 

In another experiment the hydrogen peroxide was substituted 
by M/100 neutralised ascorbic acid. After 24 hours, 8.0 ml N/lOO 
NaOH were consumed, the fall in viscosity not beiug complete. 
A blank consumed only 0.6 ml in 24 hours. 

In a further experiment in which 500 mg hyaluronic acid, 0.5 
ml 30 % hydrogen peroxide and 10 mg neutralised ascorbic acid 
were dissolved together in 50 ml water, 13.5 ml N/10 NaOH 
were consumed when the viscosity had reached its end value. For 
comparison hyaluronic acid was hydrolysed in one experiment 

We are indebted to Dr. 0. Sselmian, Institute for Physical Chemistry, 
Upsaia, for the double refraction measurements. 
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with the aid of testicular mucinase. In this case no titratable acid 
groups appeared. Nor Averc any acid products formed when the 
liydrolysed hyaluronic acid Avas treated Avith ascorbic acid or 
hydrogen peroxide. 

The total amount of NaOH consumed in the experiments Avith 
hydrogen peroxide and ascorbic acid -j- hydrogen peroxide when 
the Auscosity had reached its end value corresponds rather well 
Avith that required for the formation of one carboxylic group for 
each disaccharide unit of hyaluronic acid, constituted of N-acetyl- 
glucosamine and glucuronic acid. (The calculated value for 50 
mg hyaluronic acid is 13.1 ml N/lOO NaOH). 

As AA’as pointed out aboA’c the reaction products have no re- 
ducing properties and correspondingly do not give positiA'e tests 
for free N-acetylglucosamine or glucuronic acid. In order to gain 
further information as to the nature of the products formed, 
the reaction mixture obtained on treating a hyaluronic acid 
solution Avith HjOa until the viscosity had reached its end value 
Avas quantitatively analysed for total glucosamine (after hydro- 
lysis AAith 2N HCl) and total glucuronic acid. The values here 
obtained are giA'en in Table II together with the corresponding 
Amlucs for the hyaluronic acid preparation used. 

Table D. 

Hyaluronic acid Glucosamine Glucuronic acid 

Before degradation 36 % 42 — 46 % 

After degradation 6.6 % 38 % 

Experiments with ascorbic acid gaA^e a similar reduction of the 
glucosamine Amlues. These results suggest that the main reaction 
product arising in these experiments is a disaccharide constituted 
of glucuronic acid and N-acetylglucosaminic acid. So far no at- 
tempts have been made to isolate this substance. 


Experiments on Substrates other than Hyaluronic Acid. 

CJiondroitin sulflmric odd. — This acid was prepared from 
cartilage without the use of aUcali (Blix and Snellman, 1943). 
The results agreed principally Avith those obtained for hyaluronic 
acid. The fall in viscosity was, hoAA'ever, sloAver and less complete 

(Kg- 7). . , . 

Here also the analytical value for hexoseamme Avas lowerea 
in the degraded product, although not to the same extent 
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as for hyaluronic acid 
(at most = 30 %). The 
glucuronic acid value did 
not change. Sulphuric 
acid was not liberated. 

A few experiments 
were carried out with 
some further substrates. 
The viscosity of heparin 
solutions decreased some- 
what when they were 
acted upon by ascorbic 
acid together with hydro- 
gen peroxide or Cu’*"*'. 
The same was the case 
vith starch solutions. Ad- 
dition of ascorbic acid 
to a solution of cellulose 
in Schweizer’s reagent 
somewhat accelerated the 
fall in viscosity brought 
about by atmospheric 
oxygen. 



Chondroitin sulphuric acid 2 %. pH 7.2. A=0.1 
ml 3 % HjO. in 1 ml. solution (no ascorbic acid). 
B = M/IO'O ascorbic acid. C = M/100 ascorbic 
acid -}- H.O. in the same cons, as in A. 


Summary. 

1. The visfiosity of hyaluronic acid solutions is markedly 
reduced by ascorbic acid in the presence of atmospheric oxygen. 
Cu'’"*' highly increases this effect, which is on the other hand 
completely inhibited by diethyldithiocarbamate or cyanide. 
Catalase does not inhibite the action of ascorbic acid. 

2. Dehydroascorbic acid obtained by oxidation of ascorbic 
acid with molecular oxygen -f- Cu'*”*' has, under aerobic conditions, 
the same effect as ascorbic acid -f- Cu’*"''. 

3. The effect of ascorbic acid is also greatly increased by 
hydrogen peroxide, which itself although relatively slowly, re- 
duces the ^^scosity of hyaluronic acid solutions. In the presence 
of hydrogen peroxide the ascorbic acid is also active anaerob- 
ically. The mechanism of the action of ascorbic acid is discussed. 

4. A viscosity decreasing effect is brought about also by molec- 
ular oxygen (at -f- 100° C), potassium permanganate, and, in 

4 — i32126. Acta pliys. Scandinav. Vol. 6. 
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the presence of atmospheric oxygen, by hydroquinone, pyrogallol 
and cysteine + Cu++. The effect of oxygen is inhibited by diethyl- 
dithiocarbamatc and cyanide. 

5. The products formed from hyaluronic acid during its oxida- 
tive breakdown are non-reducing and dialysablc. The decrease 
of the viscosity is accompanied by the disappearance of the 
double refraction of flow shown by the native hyaluronic acid 
solution. 

G. The oxidative depolynierisation of hyaluronic acid is con- 
nected with the formation of titratable acid groups in an amount 
approximately corresponding to one carboxylic group for each 
disaccharide unit of glucuronic acid and JsT-acetylglucosamine. 

7. Determinations of glucosamine and glucuronic acid in the 
solution of the dissociated products suggest that the main reaction 
product might be a “disaccharide” of glucuronic acid and N- 
acetylglucosaminic acid. 

8. Chondroitin sulphuric acid is broken down in the same way 
as hyaluronic acid by ascorbic acid and hydrogen peroxide. The 
reaction is, however, slower and does not proceed as far as that 
of hyaluronic acid under the experimental conditions employed. 

9. Heparin, starch and cellulose could be similarly broken down 
to some extent by ascorbic acid. 
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The po.ssible role of the sympathico-adrenal system for the 
chemical heat regulation in homoiothermic organisms as it is 
apprehended by several authors (e. g. Cramer, 1919, Cannon, 
Quurido, Britton and Bright, 1927) raises the question as to 
whether local cooling will bring about an increased activity in 
this system by reflex action. Cramer (1918) found morphological 
changes in the suprarenal medulla of rats that had been kept at 
a low temperature. Boothuy and Sandiford (1923) found that 
injection of adrenaline increased the production of heat, and 
they suggested that the increased metabolism obtained, e. g. 
on the stimulation of the skin by cold, was due to a reflex stimula- 
tion of the adrenaline secretion. 

Adrenaline seems, however, not to be necessary for the main- 
tenance of the body temperature in cold surroundings, as is the 
cortical hormone (Houssay, Lewis, 1923, Hartmann, Brownell, 
Crosby, 1931, and Wyman and Tom Suden, 1932). 

A number of writers have shown that adrenaline secretion 
increases as a result of stimulus by cold. Hartmann, McCordock 
and Loder (1923), in experiments on the cat, employed the in- 
crease in width of a totally denervated pupil as a biological test 
for increased adrenaline secretion. They found that if the animals 
were exposed to cold, the width of the denervated pupil increased. 
Under the same conditions epinephrectomized animals showed no 
or only slight dilatation of the pupil. In experiments on cats with 
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denervatecl hearts as test animals. Cannon, Querido, Britton 
and Bright (1927) have confirmed the increased adrenaline 
secretion. In experiments on cats with totally denervated pupils, 
Hartmann and Hartmann (1923) showed it to be probable that 
the increased adrenaline secretion is due rather to a reflex in- 
fluence of the suprarenals through the peripheral cold-stimulus 
than to a lowering of the general body temperature. 

In the present paper the results of studies on the effect on the 
adrenaline secretion of local stimulation with cold, as well as the 
connection of this effect witli the nervous supply to the stimulated 
skin region are reported. The increase in width of a sympathet- 
ically denervated pupil has been employed as indication of an 
increased secretion. In order to control whether a dilatation 
was due to adrenaline, we used injections of cocaine, which is 
known to increase the action of adrenaline (Froelich and Loewi, 
1910), with a fair degree of specificity. 


Jttetliods. 

The experimental objects used were white rabbits, weighing be- 
tween Wo and three kilograms. In these animals one pupil was made 
over-sensitive to adrenaline by extirpation of the superior cervical 
ganglion according to the method described by Meltzer and Meltzer- 
Auer (1901), while the other pupil was left intact. The increase in the 
width of the denervated pupil has been used as a biological indication 
of increased adrenaline secretion, the other pupil serving as a control. 
In every animal the over-sensitiveness to adrenaline of the denervated 
pupil was controlled by the intravenous injection of 10 — ^20 pg adrena- 
line. Only the animals showing a clear over-sensitiveness to these 
doses were employed in the later experiments with local stimulation 
by cold, which were carried out 2 — i hours after the test for over- 
sensitiveness, when the adrenaline effect had completely disappeared. 

The local stimulation by cold was carried out on a sHn area of 
80 — 100 cm^ on the belly. The cooling was effected both on animals 
with intact skin innervation and on animals in which the innervation 
to the stimulated skin area had been cut off. The skin-denervation 
of a number of the animals was performed according to the method 
described by von Eeis and Sjostband (1938), which entails the severing 
of the lateral branches from the lowest intercostal and superior lum- 
bar nerves, in certain cases in the following way. From a longitudinal 
cut in the medial line of the back, the sHn is bluntly dissected off 
from the animal’s trunk. Since, in the case of rabbits, tbe skin of the 
trunk is mainly supplied jfrom the vessels of the extremities, the 
operation causes only slight bleeding. With this method one obtains 
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a complete denervation for the stimulation by cold of a sufficiently 
large skin area on the trunk. ^ 

The local stimulation by cold was effected with the help of a thin 
bag of oiled cloth containing a mixture of ice and salt. The temperatures 
between the cold bag and the shaved skin varied between 0 and -f- 10° G. 

The experiments Averc carried out both on iion-narcotizcd animals 
and on animals in pernocton narcosis {0.5 cc/kg body weight). Illumina- 
tion Avas kept constant and the same on both eyes. The Avidth of the 
pupils Avas determined Avith the help of a sliding gauge, with which it 
was possible to obtain measurements Avith a limit of error of about 
0.5 mm. 

The cold-stimulation Avas begun after the width of the pupil had 
become constant when the animal Avas lying on its back. The stimula- 
tion Avas maintained for a period of one to tAvo hours, during which 
the width of the pupils, as Avell as rectal and skin temperatures, Avere 
measured at regular intervals. In a number of experiments 0.2 mg 
cocaini hydrochloridum Avas giA^cn intravenously at the end of the 
cold-stimulation. 

On a number of animals with intact innervation of the skin cold- 
stimulation was effected after lumbar anaesthesia (1 ml 2 % aetho- 
caini hydrochloridum). On two of the animals the spinal cord was 
severed at the level of Th 2; cold-stimulation was then effected on 
these animals about four days after the operation. 


Eosults. 

The 8 animals Avith intact skin innervation, on which a local 
cold-stimulation was effected, all shoAved an increase in the width 
of the denervated pupil. The increase amounted to betAA^een 1.5 
and 4.5 mm, on an average 3.0 mm. The Avidth of the intact 
pupil increased by betAveen 0 and 1 mm, on an average 0.5 mm 
(see table). Thus in all cases A\'e find an increased adrenaline 
secretion. Tig. 1 is an example of the changes in pupil Avidth and 
rectal temperature in one of the animals. 

Fig. 2 shoAvs the changes in the width of the pupil in an animal 
to Avhich, after an increase of 3.5 mm in the Avidth of the denerv- 
ated pupil OAving to cold-stimulation, 0.2 mg of cocaine Avas 
given. This rapidly led to a further dilatation, amounting to 3.5 
mm. The width of the intact pupil had increased, during the 
stimulation by cold, by 1 mm, and after the injection of cocaine 
it shoAved a further increase of 1 mm. Thus the total increase 
in the Avidth of the denervated pupil Avas 7 mm, while the intact 
pupil showed a corresponding increase of only 2 mm. The additio- 
nal increase in width of the denervated pupil that was observed 
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Pig. 1. Eabbit, left pupil Bympathetically denervated. 
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Pig. 2. Rabbit, left pupil sympathetically denervated. At A intravenous 
injection of 0.2 mg cocaini hydrochloridnm. 
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Table. 




Pnpil-Tvidth (increase 

in mm) 

Lowering 
of rectal 
tempera- 
ture 
'C. 

Cooling 

tempera- 

ture 

(average) 

'C. 


Intact pupil 
(right) 

Denervated 
pupil (left) 


A 

B 

D 

B 

A. Animals •with intact 
skin innervation. 







1 

O.o 

— 

1.6 

— 

1.2 

8.6 

2 

0.6 

— 

2.6 

— 

6.0 

3.0 

3 

1.0 

— 

4.5 

— 

lO.O 

3.0 

4 

0.6 

— 

3.0 

— 

4.0 

4.0 

5 

0.6 



— 

1.5 

9.0 

6 

1.0 

1.0 (2.0) 

3.5 

3.6 (7.0) 

5.0 

2.6 

7 

O.o 


2.0 

2.6 (4.6) 

4.8 

1.0 

8 

0.6 

1.0 (1.6) 

4.0 


3.3 

3.0 

Average 

0.5 

0.8 (1.8) 

3.0 

3.0 (6.2) 

4.6 

4.3 

9 

O.o 

O.o (0.0) 

2.0 

2.0 (4.0) 

0.0 

6.0 

10 

0.6 

0.6 (1.0) 

2.6 

3.0 (5.6) 

0.0 

3.0 

11 

1.0 

O.o (1.0) 

2.5 


O.o 

4.0 

Average 

0.6 


2.3 

2.8 (5.1) 

0.0 

4.3 

Narcotized animals (0.5 cc 
pemocton/kg. body- 
■weight). 







12 

0.6 

— 

3.0 

— 

4.6 

5.0 

13 

1.0 

— 

3.0 

— 

4.0 

8.0 

14 

O.o 

— 

3.0 

— 

3.2 

0.0 

15 

0.0 


2.0 

3.0 (5.0) 

5.0 

2.0 

16 

1.0 


2.6 

2.6 (5.0) 

O.o 

3.6 

Average 

0.5 

1.0 (1.6) 

■ 

2.8 (5.0) 

3.3 

3.7 

Narcotized animals. Cold 
stimulation in Inmbar 
anaesthesia (1 cc 2 
aethocaini hydrochlori- 
dnm). 







17 

-0.6 

— 

- 1.0 

— 

6.0 

3.6 

18 

-0.6 

— 

- 1.0 

— 

3.8 

6.0 

19 

O.o 

— 

0.0 

— 

5.8 

1.0 

Average 

- O.S 

— 

-0.7 

— 

5.2 

3.6 
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Pupil-width (increase 

in mm) 

Lowering 

Cooling 


Intact pupil 
(right) 

Denervated 
pupil (left) 

of rectal 
tempera- 
ture 

tempera- 

ture 

(average) 

°C. 


A 

B 

A 


’C. 

Animals •with spinal cord 
severed. 







20 

-0.5 

O.O (- 0.6) 

0.0 

0.5 (0.5) 

4.2 

2.5 

21 

- 0.5 

O.O (- 0.5) 

0.6 

0.5 (1.0) 

5.0 

3.0 

Average 

-0.5 

O.O (- 0.5) 

0.3 

0.5 (0.8) 

4.6 

2.8 

B. Animals vitb stimu- 
1 lated skin-area dener- 

j vated. 







i -22 

1.0 

— 

— 0.5 

— 

5.4 

0.0 

23 

1.6 

— 

0.0 

— 

4.7 

lO.O 

24 

0.0 

— 

0.0 

— 

2.7 

6.0 

25 

1.0 

0.5 (1.5) 

0.5 

1.0 (1.6) 

5.6 

2.0 

26 

1,5 

0.6 (2.0) 

1.0 

1.0 (2.0) 

1.8 

8.0 

27 

1.0 

1.0 (2.0) 

0.6 

1.6 (2.0) 

0.0 

3.0 

Average 

1.0 

0.7 (1.8) 

0.3 

1.2 (1.8) 

3.4 

4.8 


A = the increase in rridth caused by the cold-stimulation. 

B = additional increase caused by injection of cocaine. 

In brackets the sum: dilatation by cold -t- additional increase by cocaine. 


after the injectiou of cocaine, makes it highly probable that the 
dilatation was due to an adrenaline effect. 

On 5 animals the cold-stimulation was effected under pernocton 
narcosis. The results obtained from these experiments show full 
agreement with the above-mentioned figures with animals in the 
conscious state. 

Local cold-stimulation was effected on 6 animals vdth a denerv- 
ated sldn area. In these animals the denervated pupil showed 
a change varying between — 0.5 and 1.0 mm, on an average an 
increase of 0.3 mm. The other pupil showed an increase in width 
varying between 0.5 and 1.5 mm, on an average 1.0 mm. These 
slight increases in width fall within the normal limits of variation. 
Especially the denervated pupil showed constant values. AVe found 
no demonstrable adrenaline secretion resulting on the stimula- 
tion by cold of animals with denervated belly skin, despite the 
fact that the animals were submitted to a very severe general 
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cooling (see the table). Fig. 3 shows the puj^il width and the rectal 
temperature during the cold-stimulation of one of the animals. 

When 0.2 mg of cocaine was given during the cold-stiniulation 
on an animal with denervated belly skin, the denervated pupil 
increased by 1 and the other pupil by 0.6 mm (Fig. 4). These 
values lie ■within the limits for the pupil changes that are normally 


mm. 



Denerratcd pnpU. 
Intact pnpll. 

Rectal temperature. 
Cold sttmnlatlon. 


Fig. 3. Rabbit, left pupil sympathetically denervated, cold-stimulated skin 

area denervated. 


obtained on the injection of cocaine, and they cannot be said 
to constitute an intensification of a possible adrenaline effect. 

In some experiments the observations of the pupil width and 
the rectal temperature were continued after the completion of 
the cold-stimulation, and these showed a return to normal size 
of both the intact and the denervated pupil, although the rectal 
temperature fell still further. These experiments afford additional 
e'vidence that the increased adrenaline secretion is due to a periph- 
eral stimulation effect, and that a fall of the general body 
temperature does not lead to any increase in the adrenaline 
secretion that is demonstrable by this method. 

Cooling experiments were also carried out on rabbits ivith in- 
tact belly sldn innervation, .special arrangements being employed 
(”Hala”-Iamp, wadding) to keep the general body temperature 
constant during the whole experiment. The pupils showed the 
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same relations as in the above-mentioned experiments, where 
the body temperature was allowed to fall (see the table). The 
nervous reflex action on the adrenaline secretion is thus inde- 
pendant of whether the general body temperature falls below 
normal or not. 

In the table are also given some experiments on animals 
whose spinal cord was severed on a level with Th 2, and also on 

mm. 



Denerratcd pupil. 

Intact pupil. 

Rectal temperature. 

■ Cold stimulation. 


Fig. 4. Rabbit, same as in fig. 3. At A intravenous injection of 0.2 mg 
cocaini hydrochloridinm. 

animals on which lumbar anaesthesia had been performed. In 
both cases no increase in the width of the denervated pupil was 
observed, despite the intact skin innervation. 


Discussion. 

As an indication of the increased adrenaline secretion resulting 
on local cold-stimulation, we have studied the increase in width 
of a sympathetically denervated pupil, which was found to attam 
its maximum of over-sensitiveness to adrenaline at the earliest 

five days after the operation. . -i -i- • p 

A dilatation of the pupil can also follow on an inhibition ot 
musculus sphincter pupiUae. Since, in the experiments described 
in this paper, the width of the intact pupil remained practically 
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constant, sucli inliibition may here be excluded. The further 
dilatation of the denervated pupil after cocaine had been given 
intravenously, strongly suggests that the effect was due to an 
increased content of adrenaline or of some closely allied derivative 
in the blood. In the animals on which cold-stimulation was effected 
within a denervated skin area, without any primary pupil 
dilatation being obtained, the cocaine injection gave no or only 
very slight effect, not exceeding the effect on the non-dener- 
vated pupil. 

The fall of the rectal temperature in animals with intact and 
denervated belly skin was on the whole in agreement. The fall 
in temperature amounted in general to about 4° C, and was 
thus very considerable. An increased adrenaline secretion, how- 
ever, could only be demonstrated in animals in As'hich the in- 
nervation of the skin exposed to cooling was intact. From this it 
appears that the increase in the adrenaline secretion is due to a 
reflex action. Another important. conclusion can also be drawn 
from these results, namely that a sinking of the general body 
temperature has no effect on the adrenaline secretion that can be 
demonstrated by this method. This is in conformity with the 
view, held by Johans.son (1897), that there is no chemical tem- 
perature regulation when muscle movements are abolished, and 
that a change in the body temperature per sc does not give rise 
to the chemical regulation. This is further supported by the 
experiments in Avhich, after the completion of the cold-stimulation, 
the pupil Avith returned to the original A’^alue, although the rectal 
temperature continued to sink to a minimum value of about 
32.8° C. 

That the adrenaline secretion has the character of a nerAmus 
reflex is also shoAvn by the fact that it completely disappears after 
lumbar anaesthesia or after the spinal cord has been severed. 


Summary. 

1. The adrenaline secretion folio Aving on local cold-stimulation 
of the skin has been studied in the rabbit. As an indication of 
increased adrenaline secretion, the increase in AAudth of a sym- 
pathetically denervated pupil, sensitized by cocaine, Avas em- 
ployed. 

2. In animals AA'ith intact innerA’-ation of the skin the adrenaline 
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secretion showed an increase during the cold-stimulation, even 
if body temperature was kept constant. This effect was not 
produced after previous section of the spinal cord or after lumbar 
anaesthesia. 

3. In animals in which the innervation to the cold-stimulated 
skin area had been cut off, no demonstrable increase in the adre- 
naline secretion appeared* in response to the stimulation. The 
effect of the cold-stimulation on the adrenaline secretion is thus 
reflex in kind. 

4. Even a considerable fall in general body temperature did not 
in itself provoke any detectable reflex liberation of adrenaline. 
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By the efforts of numerous workers a large amount of experi- 
mental material has been accumulated concerning the glucosidases 
from vegetable sources. As regards the glucosidases of animal 
origin, much less is known. Thus, it may be mentioned that these 
enzymes occur in liver and kidney, and also in the intestinal 
mucosa. As regards this latter organ, existing evidence is rather 
conflicting in certain respects (Myrback and Myrback 1936, 
Weidenhagen 1940), and we have therefore thought it worth 
while to undertake a renewed investigation of it. 

The method employed was the very familiar one of working 
with glycerol or aqueous extracts from the organ, and studying 
polarimetrically the enzymic hydrolysis of suitable glucosides. 
We have thereby found it advantageous to work vdth aqueous 
extracts. The results are as follows (for numerical details see below). 
The intestinal mucosa contains an a- as well as a /5-glucosidase. 
The a-glucosidase exhibits on the whole the same properties as 
the corresponding enzyme in yeats. It has a pH optimum around 
6.5 (in a phosphate-citrate buffer). Furthermore, it hydrolyses 
phenol-a-d-glucoside incomparably more rapidly than it does 
methyl-a-d-glucoside. In fact, we were unable to find any measur- 
able hydrolysis of this latter compound, even in experiments of 
long duration. We are thus able to confirm completely the findings 
of Mybback and Myrback (1936) on this point. Finally it may be 
mentioned that we have found our aqueous extracts remarkably 
stable, while a-glucosidase preparations from yeast are known to 
lose their activity rather rapidly (after a few days). 
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The |S-glucosidase from the small intestine does not show any 
unexpected behaviour either. We found a pH optimum around 
6.0 (in phosphate-citrate buffer). The /?-glucosidase from bitter 
almonds has its optimum around 4.4; but it may be mentioned 
that the corresponding enzymes from kidney and liver, and from 
certain vegetable sources, are likewise known to have their optima 
around 6.0. We have, however, found an interestiug difference in 
behaviour between the /?-glucosidase from the small intestine and 
that from bitter almonds. The latter enzyme is known to hydrolyse 
o-cresol-/9-d-glucoside much more rapidly than phenol-/5-d-glu- 
coside (relation between the velocity constants ca. 13: 1), while 
we found for the former enzyme a relation between the velocity 
constants of about 2 : 1. However, the crudity of our enzymic 
extracts must be born in mind, and refined experiments, with 
purified enzymic extracts, may well show the effect to be due to 
impurities. We do think, however, that the possibility of a diffe- 
rence between the two enzymes should- be kept in mind by future 
workers on the subject. 

We have also investigated aqueous extracts from, the duodenum, 
and found them to contain both a- and /9-gIucosidase. The velocity 
constants for the latter enzyme with o-cresol-j8-d-glucoside as 
substrate showed a very peculiar beha-viour, the constants in- 
creasing greatly with time during the experiment. We have no 
definite explanation to offer for this curious phenomenon, but are 
inclined to ascribe it to some impurity in our extracts. 


Experimental Part. 

Enzymic extract. A piece of intestine, ca. 50 cm. in length, was care- 
fully emptied of its contents in running water, and the mucosa scraped 
off, mixed "with sea sand and carefully ground in a mortar. The mixture 
was then extracted -with around 200 cm® of water for several hours and 
left standing in the ice-box overnight: finally it was centrifuged. Some 
extracts were prepared using 200 cm® glycerol, but they were found 
to be much less active than the aqueous extracts and all the work to be 
described below was therefore performed with the latter ones. These 
solutions, with some drops of toluene added for conservation purposes, 
were found to preserve their activity unaltered over a period of around 
3 weeks. 

Substrates. The glucosides used here were synthesised by current 
methods, which do not need to be described in detail; they are to be 
found in most of the newer reports on the subject. 

Measurements. After some preliminary tests, undertaken to get 'a 
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rough idea of pH optima and reaction velocities in the systems under 
consideration, the following experiments were carried out. 

AVe have used throughout Mcllvain’s phosphate-citrate buffer, by 
means of which the required pH interval can be easily covered. A quan- 
tity of glucoside, chosen so as to make the reaction mixture 0.04 molar 
was dissolved in 6 cm® buffer solution; then 10 cm® enzymic extract w'as 
added togetlier \vith a quantity of water so that the total volume of the 
reaction mixture was 25 cm®. The reaction vessels were placed in an 
incubator at 30° C. At suitable time intervals a test sample of 5 cm 
was removed by means of a pipette and added to 1 cm® of 20 per cent 
potassium carbonate solution. After two hours (to avoid errors due to 
mutarotation), the solution was treated with kieselgur and filtered 
through kieselgur impregnated paper. After this treatment the solution 
was clear enough to allow of a polarimetrical measurement, which was 
carried out in a 10 cm tube. The initial rotations for the glucosides used 
were under these conditions: 

Methyl-a-d-glucoside . . -4-1.02° Phenol-/9-d-gluco8ide . — 0.g3° 

Phenol-a-d-glucoside . . 4-1.535° o-Cresol-/?-d-glucoside . — 0.gg° 

The final rotation after complete hydrolysis of the glucosides was in all 
cases 0.310°. Attention has been paid to the influence of the pH on 
the rotation of the /3-glucosides and glucose; a similar influence was not 
found for the a-glucosides here examined. 

In separate e.xperiments it was shown that the self-hydrolysis of 
the glucosides was unimportant and could be left out of consideration, 
and that the rotation of the enzymic solution was likewise negligible. 

Table 1 gives the results of the investigation of methyl-a-d- 
glucoside. As a check phenol-/5-d-glucoside was measured at the 
same time. In our tables a denotes the observed rotation and k 
the first order velocity constant. 

Table 1. 


Timo (hours) 

(Phenol cc-d- glucoside) 
a 

(Methyl-d-glucoside) 

a 

45. . . . 

— 

1.01 

93. . . . 

1.82 

1.02 

139. .. . 

1.12 

1.02 

188. .. . 

0.9 2 

1.02 


Tables 2 and 3 give the results of measurements undertaken to 
obtain pH-acitivity curves for the a- and /9-glucosidases of the 
small intestine. 







Table 2. 

Phenol-a-d-glucoside. 
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In Table i are collected the results of measurements undertaken 
to compare the hydrolysis of phenol-/5-d-glucoside and o-cresol-/5- 
d-glucoside. 

Table 4. 


Time (hours) 

Phenol-/?- d-glncoside 
(pH = 6) 

o-Cresol-/S-d-glncoside 
(pH = 6) 


k 

a 

k 

21 ... . 

- 0.65 

1.84.10-® 

-0.61 

3.48 10-® 

45 ... . 

- 0.43 

2.31 

- 0.40 

3,01 

71 ... . 

-0.80 

2.C5 

— 0.29 

2.94 


Tables 1 and 4 are obtained with enzymic material from one 
and the same animal, and Tables 2 and 3 with material from 
another. A piece of duodenum was taken from a third animal and 
the results obtained with it are shown in Table 6. A repetition of 
this experiment gave essentially the same result. 


Table 5. 


Phenol-a-d-glncoside (pH = 6) 

o-Cresol-/?-d-glncoside (pH = 6) 

Time (hoars) 

ft 

k 

Time (hours) 


k 

22 

- 1.41 

2.20.1O-* 

21 

“ 0.50 

3.73. 10-® 

45 

— 1.31 

2.00 

45 

— 0.29 

4.64 

69 

— 1.20 

2.04 

68 

- O.IO 

5.60 

95 

— 1.09 

2.08 

92 

+ 0.09 

7.04 


Summary. 

An investigation is made of the glucosidases of the small intestine 
and the duodenum of the pig. It is shown that both a- and />- 
glucosidase occur, and the pH-activity curves of both enzymes 
are determined. 
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The effect of mild to moderate acute carbon monoxide poisoning 
on the respiration and the circulation has recently been studied 
by Asmussen and Chiodi (1941) and by Chiodi, Dill, Conso- 
LAZio and Horvath Q941). The main results were, that the 
respiration was unaffected up to rather severe poisonings, and 
that the cardiac output was practically unchanged up to HbCO 
saturations of about 30 pCt., whereas more severe poisonings 
caused a moderate increase (20 — 50 pOt.) of the cardiac output. 
In neither case, however, the circulation was able to maintain a 
normal capillary or tissue Oo-pressure, but this would be abnor- 
mally, low, partly because of the decreased Oa-binding capacity 
of the arterial blood, and partly because the Oo-dissociation curve 
of the available hemoglobin is shifted to the left (Stadie and 
Martin 1925). 

It might be of interest to investigate whether such a reduction 
of the capillary or tissue pO. influences other functions of the or- 
ganism. Similar investigations have been made before (cf. the 
extensive bibliography in Drinker 1938) but, as it appears, 
mostly on animals and during excessive CO-poisonings. Obser- 
vations on man in CO-poisoning are to a large degree limited to 
clinical observations made during severe asphyxiations. Haldane 
(1895), however, besides making fundamental explorations on the 
effect of CO on the blood, made interesting observations on the 
mental ability during CO-poisoning as later did Forbes, Dill, 
De Silva and Van Deventer (1937), Sjostband (1942) a. o., 
and Killick (1936) has made extensive studies in the acclimatiza- 
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Table 


Subject 


Cell volumes p C t . j 

before CO 



control II 

E. A 

pCt 

range .... 

nbr. of determ. 

41.9 

40.8—43.0 

12 

43.C 

‘40.C — 45.2 

13 

41.5 

40.7-42.8 

10 

41.9 

41.4—43.7 

10 

E. Eu. . . . 

pCt 

range .... 

nbr. of deterra. 

41.1 

38.3—42.4 

8 

43.B 

41.6-45.2 

9 

40.2 

3S.4— 41.8 

8 

41.1 

40.(5—41.8 

6 


tion of humans to CO in low concentrations. We have chosen to 
study the effect of moderate CO-poisonings, viz. poisonings with 
about 30 pCt of the hemoglobin saturated with CO. At this degree 
of poisoning the subjective symptoms, apart from the head-ache, 
are almost negligible, although the tissue pOa is already consider- 
ably lowered (pOa of mixed venous blood lowered from the normal 
about 37 mm Hg to about 23 mm Hg, Asmussek 1942). In daily 
life these mild and moderate degrees of poisoning are by far the 
most common. 

Among the functions studied were: the relative erythroc}’te 
volume, the plasma protein concentration, the blood sugar and 
the blood lactate in rest and during moderate work. The function 
of the intestine was tested by water drinking experiments and by 
glucose tolerance tests, which also give informations concerning 
the functioning of the kidneys and of some of the endocrine glands. 
In order to elucidate the findings on the blood, the increase in 
capillary filtration was determined on a lower extremity when the 
hydrostatic blood pressure was increased, and in an attempt to 
evaluate the peripheral distribution of the blood during CO- 
poisoning, the vital capacity was determined. 

Subjects and methods: We ourselves served as subjects. E. A. male, 
is 35 years, weight 70 kg., height 172 cm, E. Kn. male, is 30 years, 
weight 67 kg, height 185 cm. Both were in healthy condition during 
the experimental time. The CO was prepared from formic acid and 
sulphuric acid, bubbled through a solution of NaOH and stored over 
water. 400 cc of CO at prevailing temp, and barometric pressure were 
introduced into a Keogh metabolism apparatus, filled afterwards 
with O 2 , and rebreathed for 10 — 15 minutes. The actual 'experiments 
were performed during the recovery period following. Blood samples. 
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I. 


P 1 .1 s m a pro 

t c i n s p (' t . 

before CO 

after CO 

control I 

control It 

7,32 

7.50 

7.32 

7.38 

7.00— 7.5C 

6.91—8.00 

7.00—7.55 

7.13-7..59 

9 

13 

6 

6 

7.45 

7.04 

7.35 

7.25 

7.35— 7..54 

7.42—7.89 

6.85—7.80 

6.80— 7.T2 

8 

9 

8 

6 


drawn from tlie cubital vein just before and just after the experiment 
and analysed after A'’an Slyke and Neill 1924 for CO, gave the ranges 
between which the blood HbCO had moved during the exjjeriment. 
The elimination of CO was rather slow, in rest the percentage HbCO 
fell about 5 in an hour (e. g. from 32 pCt HbCO to 27 pCt HbCO). The 
cell volume of the blood was read from hematocrits, small glass tubes, 
closed in one end and taking about O.o cc of venous blood, centrifuged 
at 3000 rev/min. for 30 minutes. Heparin was used as an anticoagulant. 
The plasma proteins were determined by a Zeiss “Eintauch Refrakto- 
meter” on the plasma from the hematocrits. Blood sugars were deter- 
mined according to Hagedorn and Jensen (1941) and blood lactates 
after Edwards (1938). An estimation of the rate of filtration through 
the capillary walls was made by determining the increase in volume of 
one leg placed in an airfilled plethysmograph in connexion with a small 
spirometer, when the subject was tilted passively from the horizontal 
position to a position with the head upwards at an angle of 45° (heraffcer 
called the 45° position). In this position a rapid increase in the volume 
of the leg occurs, followed by a slow, but consistent swelling. The rapid 
increase is due to the filling-up of the vessels with blood, and lasts only 
a couple of minutes. The progressive swelling of the leg is caused by the 
leaking-out of fluid from the capillaries and goes on at a fairly constant 
rate for up to an hour or more (comp. Asmussen, Christensen and 
Nielsen, 1939). We used the swelling of the leg (from the 2. to the 7. 
minute) as a measure of the filtration, and express it in cc/min. 

Parallel to the CO experiments w^e ran control experiments in order 
to be sure that the observed changes were actually due to the CO- 
poisoning. 

Results: The results from our determinations on the blood cell 
volume and the plasma proteins are presented in table I. The heads 
“control I” and “control II” refer to determinations made, 
respectively, in the first and in the second hour of the control 
experiments. “Before CO” are values obtained in the hour 
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Fig. 1. Two experiments, showing the effect of CO-poisoning on the blood. Subj. 
E. A. X — X plasma protein concentration: O — O red cell volume; dark column 
indicates time of CO-inlmlation. 


immediately before the CO was inhaled, and “after CO” refers 
to values obtained during the first hour after the inhalation of CO. 
The hemoglobin of the blood was 30 — 32 pCt. saturated with CO 
five minutes after cessation of the inhalation and at the end of 
the following hour 25 — 27 pCt saturated. The average HbCO pCt 
thus was 27 — 29. 

Table 1 shows, that both the cell volume and the plasma protein 
concentration on an average are increased in the first hour after 
a moderate CO-intoxication. The rather wide range, inside which 
the individual values are scattered, may be explained through 
the fact, that the subjects were not under strictly standard con- 
ditions. 

In order to indicate when the observed hemoconcentration oc- 
curs, we present fig. 1. It shows, that already 10 to 15 minutes 
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Fig. 2. Blood lactate during and after -work of 720 mkg/min. Subj. E. A. 
• — • normal experiments; X — X after CO-inhalatior. 


after the CO-inhalation has started, the cell volume and the plasma 
protein concentration are increased. About an hour later the values 
again approach the normal values, but then a second, increase 
seems to start. In all of the five experiments, in which we followed 
the blood changes for more than one hour, we found this secondary 
rise in hemoconcentration. In some cases — as that presented 
in fig. 1 upper curves — the secondary rise was, for so long as it 
was followed, fairly steady. In one case (fig. 1, lower curves) 
however, in which the blood changes were followed for more 
than two hours after the CO-inhalation, the secondary rise was 
followed by a period during which both the cell volume and the 
plasma protein concentration made rather large but parallel 
fluctuations. 

Our observations on the blood sugar and the blood lactate 
during moderate CO-poisoning can be shortly dealt with, as they 
showed, that neither were affected as long as the subjects were 
resting. Two experiments on E. A. during exercise (modified 
Keogh bicycle ergometer, worldng intensity 720 mkg/min.) 
showed, however, that under conditions of work the blood lactate 
was increased, whereas the blood sugar was still unaffected. In 
Fig. 2 are presented data from an experiment with from 30—25 
pCt. HbCO, compared with two normal experiments. The figure 
shows, that whereas in the normal condition this rate of work has 
no influence on the blood lactate, a HbCO percent of 30 — 26 makes 
the blood lactate increase up to 50 mg%. Determinations of the 
metabolic rate and the HQ during the steady state of work (Douglas 
bag method) gave as a result, that both the Oa-intake and RQ 
were higher Avhen the blood contained HbCO enough to give an 
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Kg. 3. Water drinking experiments on snbj. E. I\ji. Figures in top indicate 
amount of water drunk. White columns: diuresis in normal experiment, dark 
columns; diuresis in CO-experiment. CO inhaled between 120. and 130. minute. 

increased lactate formation. The data given in fig. 2 are averaged 
from three single determinations each, made in the steady state 
of work. 

In order to investigate the function of the intestine during CO- 
poisoning, a water drinking test was performed in the same way 
as used earlier by Asmussen, Christensen and Nielsen (1939) 
to determine the effect of posture on the intestinal tract. The 
subject drank in the horizontal position 200 cc of water every 
10 minutes until the diuresis became constant. The CO was then 
administered in the usual way after which the waterdrinldng 
continued, the water intake now being adjusted so as to equal 
the output. 

The results came out differently for the two subjects: in E. A., 
whose diuresis was raised to and kept constant at 20 cc/min., the 
inhalation of 400 cc of CO (31 pGt. HbCO) had no effect on the 
absorption or excretion of water over a period of more than two 
hours. (At the end of this period the HbCO had simk to 24 pCt). 
In E. Kn. (fig. 3) the diuresis rose to 13.5 cc/min. and the water 
intake was adjusted to this output. The CO was then given (32 
pCt. HbCO) and the water drinking continued. In the first 20 min- 
ute period thereafter the diuresis was still 13.5 cc/min, but then, 
after an attack of nausea and a faint spell on assuming the standing 
position, the diuresis suddenly dropped to a very low level (0.5 
cc/min.) for the next almost 2 hours. The water drinking was 
suspended shortly after the faint spell, the subject placed with 
elevated feet, and a COo — O 2 mixture administered. Close to the 



STUDIES IN ACUTE BUT MODEEATE CO-POISONING. 73 

end of this period 600 cc of -water were thrown np. Later in the 
evening (i. e. approximately 5 hours after the CO-inhalation) 
again about 500 cc of water were thrown up. The diuresis remained 
low until late in the night, when the rest of the water was excreted 
along the natural Avay. 

On account of the unpleasantness to the subject, this experiment 
was not repeated, but two days later a control experiment Avithout 
CO inhalation was started, during AA^hich the subject drank the 
same amount of water, this time without bad effects of any kind, 
(fig. 3, white columns). 

As it might be expected that the absorption of sugar from the 
intestine was more dependent on an adequate Oj-supply to the cells 
in the intestinal wall than is the absorption of Avater (comp, the 
theory of Lundsoa^ved and co-workers, (lit. by Kjeeulf-Jensen 
1942) that the hexose absorption is an active process, made pos- 
sible through an intermediate, energy-requiring phosphorylation 
and de-phosphorylation in the intestinal cells) a sugar tolerance 
test was made in the CO-intoxicated condition. We were prepared 
to make further experiments in order to analyse the role played 
by the intestine itself and the blood sugar regulating hormones, 
in case the experiments came out positive. However, our experi- 
ments shoAved no changes in the blood sugar curAm during CO- 
poisoning as compared to a normal curve. Fig. 4 shoAvs two normal 
blood sugar curves, on E. A. after 100 g glucose in 200 cc of Avater, 
on E. Kn. after 70 g in 700 cc water, (the largest dose, that gave 
no continual rise in the blood sugar curve by this subject) compared 
to a corresponding curve during CO-poisoning. In neither case the 
Eehding test on the urine was positiA'e. 

In order to see AAEether the hemoconcentration occuring during 
CO-poisoning was due to an increased permeability of the capillaries 
for water, a series of determinations was made of the filtration 
out of the vessels of the lower extremity when the hydrostatic 
pressure was increased by tilting the subject passively to the + 45’’ 
position. These experiments showed no increase in the filtration 
rate after moderate CO-poisoning (in E. A. 9 cc/min. before, 8 
cc/min. after CO, in E. Kn. 12 cc/min. before and 8 cc/min. after 
CO, as the average of 6 pairs of experiments on each subject). 

The Oo-deficiency called forth by the CO-poisoning may be 
assumed to produce a shift of blood from the central veins and the 
vessels in the thorax to the periphery. In other cases such a shift 
of blood has been shoAvn to cause a rise in the vital capacity 
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Tig. 4. Glucose tolerance tests on two subjects. • — • normal condition; 
X — X after CO-poisoning. Dose: E. A. 100 g glucose in 200 cc of water. 
E. ICn. 70 g glucose in 700 cc of water. 


{Asmussen, Christensen and’ Sjostrand (1933), Sjostrand 
(1941) a. 0 .). We therefore made a series of determinations of the 
vital capacity before and after a moderate CO-poisoning. The 
experiments showed, that when the vital capacity was determined 
at quarter-hourly intervals for one hour before and one after the 
CO-inhalation, the later determinations gave slightly higher 
values than the former. However, a series of controls without 
CO showed the same thing, i. e. the vital capacity rose gradually 
during the two hours, presumably as an effect of the frequent, 
maximal expirations. We therefore were not able to observe any 
shift of blood from the thoracic vessels to the periphery. In passing 
we may note, that the above mentioned plethysmographic re- 
cordings of the leg volume also in this respect fell out negative. 

Discussion. Our experiments show, that a moderate CO-poi- 
soning, causing a saturation of the blood wth CO of between 25 
and 32 pCt. of capacity, calls forth a hemoconcentration. The 
increase in the relative volume of the red cells suggests a com- 
pensatory emptying of red cell stores (e. g. the spleen), but the 
concomittant increase in the concentration of the plasma proteins 
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shows, that at least a part of the hemoconcentration must be due 
to a leaking-out of fluid from the blood. Our attempt to demon- 
strate an increased filtration in the leg during CO-poisoning failed, 
but it is well possible, that the water is lost, not so much to the 
muscles or the skin, as to such organs as the liver and the intestine, 
or it may be excreted through the kidneys. As our results show, 
the leaking-out of fluid from the blood persists, and in some 
cases even aggravates at a time, when the CO content of the 
blood is steadily decreasing. This seems to indicate, that when the 
balance between blood and tissue fluids is disturbed, primarily 
by the Oo-lack, it takes a certain time to get it adjusted again. 
The large fluctuations in cell volume and plasma protein con- 
centration, which in one case were observed one to two hours after 
the CO-inhalation, presumably indicate the lability of this balance, 
when it has first been disturbed. 

The reason wh}' fluid is lost from the blood may be sought in an 
increased capillary blood pressure, caused by a vasodilation, which 
again is effected through a local Oo-deficiency. It has formerly 
been shown (Asmussen and Consolazio (1941) that a correspond- 
ing loss of fluid from the blood stream is the cause of the sudden 
increase in cell volume and Oa-binding capacity of the blood 
observed during the first few days at low Oj-pressure (high altitude). 
No doubt, such a hemoconcentration must be kept in mind, when 
acclimatization to low Oo or to CO is discussed. 

As table 1 and fig. 1 show, the loss of fluid may reduce the total 
blood volume by from 4 to 8 pCt. It is quite possible that the 
increased pulse rate always observed during moderate and severe 
CO-poisoning at least partly is the expression of a compensation 
for the lowered blood volume. A shift of blood from the central 
veins to the dilated vessels in the periphery may also, although we 
were not able to demonstrate it, play an important role. The sus- 
ceptibility to postural changes is increased during CO-poisoning 
(comp. Asmussen 1942). This, too, may be explained, partly by 
the diminished blood volume, partly by the dilatation of the peri- 
pheral vessels. 

For severe CO-poisoning it is generally stated, that there is an 
increase in the blood lactate, indicating an insufficient Oo-supply 
of the tissues, (lit. by Bock 1923). 

In our experiments with moderate HbCO contents of the blood, 
no increase in the blood lactate was observed during rest. This 
confirms the results of Asmussen and Chiodi (1941) as well as 
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tlio.se of Chtodi, Dill, Consolazio and Horvath (194:1), who 
also found no signs of an incrca.sed lactate formation in re.st, 
the later even at HbCO contents above 50 pCt. Quite different 
are the results from the work experiments: here even a mild 
CO-poisoning may cause a considerable increase in blood lactate, 
as seen from fig. 2 as well as from the data of Asmussen and 
Chiodi dO-ll). In our present experiments we made careful 
determinations of the HQ during the steady state of work. It 
was found that the HQ was higher than normal when CO made 
the 0.,-supply inadequate. This result, no doubt, has a parallel 
in the experiments of Chrlstexsen and 0. Haxsex (1939) and of 
0. Hansen (194:1) ivho find, that by increasing severity of ivork, 
and especially when work is performed with a small group of 
muscles, (e. g. the arms) the RQ is increased. In unpublished 
experiments from this laboratory it was found, that such an 
increase in the RQ was accompanied by an increase in the blood 
lactate. It is assumed by Christensen and 0. Hansen that the 
increased RQ is a sign of a beginning inadequacy of the Oo-supply 
to the working muscles, a conception that is fully confirmed by 
the present experiments. We found in our two work experiments 
with CO that the efficiency of the muscles was lowered and the 
Oj-debt increased. This may be compared with the similar symp- 
toms in patients with an impaired circulation. A closer evaluation 
of these results, however, require further experimentation. 

Since the days of Cl. Bernard glycosuria has been looked upon 
as a typical effect of CO-poisoning. Hyperglycsemia has also 
repeatedly been found following severe CO-poisoning in men 
(Munzer and Palma, 1894, Moeschlin, 1939) and animals 
(Araki, 1891, Kellaway 1919, Schulze 1936 a. o.). The reason 
for this has been discussed, and it seems as if both a direct effect 
on the endocrine glands and an effect produced by the action of 
the hypoxcemia on the brain are responsible for the hypergly- 
cajmia. 

As a CO-poisoning of about 30 pCt. produces a not inconsiderable 
reduction of the capillary and tissue Oo-pressure (from 37 mm 
to 23 mm), it was to be expected that a hyperglycsemia could be 
detected also in our experiments. Our results, however,. showed, 
that there were neither in rest, nor during work (720 mkg/min.) 
any signs of a hyperglyciemia. The results of our sugar tolerance 
tests (fig. 4) further-more showed, that during this grade of CO- 
intoxication the ability of the liver to remove sugar from the blood 
was unaffected. Also the kidneys showed no signs of a decreased 
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ability to hold back sugar from the urine. It must be assumed 
that the glycosuria and hyperglycaemia observed during CO- 
poisonings are signs follovdng only severe cases of asphyxia. 

The general lowering of the 0»-pressure throughout the organism, 
which follows even moderate CO-poisonings might be assumed to 
impair the function of such organs as the intestine. Asmussen, 
Christensen and Nielsen (1939) have shown, that the ability 
of the intestine to absorb large quantitaties of water is decreased, 
when the cardiac output is diminished on assuming the erect postu- 
re. Our present experiments showed, (fig. 3), that in one subject 
(E. Kn.) the same was the case during CO-poisoning. The large 
quantities of water, that were thrown up during the period of 
anuria and the almost normal composition of the blood makes it 
probable that the water actually was not absorbed from the 
intestine, and that the reason for the low diuresis was not an 
impairment of the function of the kidneys. As in the above men- 
tioned experiments of Asmussen, Christensen and Nielsen 
there were no signs of an impaired glucose absorption from the 
intestine. It must be assumed, that for the absorption of water 
an abundant flow of blood to the intestinal tract is necessary, and 
that the CO-poisoning causes a diversion of the blood stream from 
the intestine to more \’ital organs. 

Our attempts to demonstrate by means of the vital capacity a 
new distribution of the blood between the thoracic vessels and the 
periphery in CO-poisoning failed. This of course is not a proof of 
the non-existence of an altered distribution of the blood during 
the CO-poisoning. It must be assumed after all that the capillaries 
of the Oo-nsing organs have to dilate in order to supply the neces- 
sary amount of 0^. The increased susceptibility to postural changes 
is — as mentioned before — a sign of this, and so are the very 
high pulse rates found in rest and work during CO-poisoning. 
Finally, the leaking-out of water from the blood, discussed earlier 
in this paper, is hardly to understand if no such vasodilation 
occurred, as both arterial blood pressure and cardiac output are 
practically unchanged by the 30 pCt. CO-poisoning here investi- 
gated. 

Summary. 

The effect of acute but moderate CO-poisoning (25 — 32 pCt 
HbCO in the blood) is studied bn two normal men. It is found, 
that the relative cell volume of the blood as well as the plasma 
protein concentration are augmented after inhalation of CO, 
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suggesting a leaking-out of fluid from the vessels, presumably due 
to peripheral vasodilatations. An increased rate of filtration could 
not be detected in the lower extremity. The amount of glucose 
and lactic acid in the blood is unaffected by this degree of CO- 
intoxication so long as the subject remains quiet. In moderate 
work the amount of lactic acid increases, whereas the blood sugar 
still remains normal. The tolerance for glucose is unaffected by 
this degree of CO-poisoning. In one of the two subjects the in- 
testine lost its ability to absorb large quantities of water, pre- 
sumably due to a compensatory vasoconstriction in the intestine. 
An attempt to demonstrate the effect of a shift of blood from the 
central (thoracic) vessels to the periphery on the vital capacity 
of the lungs, failed. 
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Experimental Studies on Kidney Function 
during Sulpliate Diuresis. 

1. Investigations on tlie Diuresis of Rabbits during 
Infusion of a Hypertonic Sulphate Solution. 
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According to the modern theory of kidney function, a simple 
mechanical filtration process takes place in the glomeruli, resulting 
in an ultrafiltrate of the blood plasma containing the crystalloids 
of the latter, part of which, during its ensuing passage down the 
tubules, again passes into the bloodstream. As far as the so-called 
“threshold substances” are concerned, this takes place at blood 
plasma concentrations lower than the normal through an active 
reabsorption, while other substances, the socalled “no-threshold 
substances” — as well as the threshold substances at higher con- 
centrations — are supposed to pass back again through the tubu- 
lar wall by a simple diffusion process. 

According to more recent American investigations a secretion 
process in the tubules must also be taken into account, by which 
certain substances pass from the bloodstream into the tubular 
fluid directly through the tubular cells. 

During the study of the above-mentioned facts connected vdth 
renal function it was observed that parenteral injection of sulphate 
has a marked diuretic effect. 

Thus already at the beginning of the century Magnus (1900), 
Gottlieb (1901), and Sollmann (1903) dealt with the diuretic 
effect of the sulphates. 

CusHNY (1926) thought that this must be due to an increase in 
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tlie glomerular filtration in connection with a reduced reahsorp- 
tion of fluid in the tubules. 

J\Iore recently Cherry, Eady and Frazer (1932) have investi- 
Ijated the diuresis of dogs after ingestion of sulphate on this view, 
without obtaining conclusive results with respect to the mecha- 
nism of the sulphate diuresis. 

From our Institute Mgller (1926) has published some few 
experiments with infusion of strongly hypertonic sulphate solu- 
tions into rabbits, from which excessively large diureses like those 
in the present experiments Avere obtained. 

In the sequel Ave shall describe some experiments in Avhich it 
Avas possible by intravenous infusion into, rabbits of a strongly 
hypertonic sodium sulphate solution to Avork up the urine excre- 
tion of these animals to about 100 — 150 times the normal diuresis; 
the diuresis obtained from the animals, AA-hose normal diuresis 
ranges around 0.05 — 0.2 ml. per min., being as high as 16 — 17 
ml. per min. 

On considering this excessive diuresis the question naturally 
arises AAdiether such an excretion of fluid can be explained at all 
on the filtration-reabsorption theory, the validity of this theory 
of the renal function being dependent on a positive answer to 
that question. 

It is the object of the present paper and three other papers to 
folloAV to try and explain the mechanism of the sulphate diuresis 
and so to examine the possibility of bringing the observed facts 
into line with the modern theory of renal function. 


The principle of the investigations has been to obtain by ingestion 
of creatinine and analysis of the urine and plasma of the animals 
AAuth respect to this substance a measure of the degree of concen- 
tration of the urine, i. e. a concentration index. This factor mul- 
tiplied by the diuresis per minute, that is to say, the creatinine 
clearance, should according to Rehberg giA-^e an expression of the 
ultrafiltrated amount of fluid in the glomeruli, expressed in ml 
per minute. 

The folloAving other factors may noAv be calculated. 

Filtration — diuresis, = the amount of fluid reabsorbed in ml 
per min. 

X 100 = the excretion percentage (Excr. %), i. e. 

Filtration 

that part of the filtered amount of the fluid Avhich is excreted 
with the urine. 
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100 — Excr, % = Eeabs. %, that is to say, that part of the 
filtered off fluid which according, to the calculations must be 
reabsorbed in the tubules. 

Experimental Method. 

The invesfeigations comprise 25 experiments made on rabbits on 
exactly the same lines. Male rabbits weighing 2 000 — i 000 gr. were used. 
The day before the experiments they had only been fed turnips and 
water. 

All the animals were anesthetised with urethane 6 ml 25 % solution 
per kg body weight ingested orally in water, as a rule 50 — 100 ml, so 
as to obtain a measurable excretion of fluid for the use of a diuresis 
period (a “normal period”, N), before the sulphate diuresis commenced. 

The nature of the experiments with rapid successive diuresis periods 
required an approximately accurate measure of the diuresis over quite 
short periods and a corresponding quick taking of blood samples. A 
bladder cannula was therefore inserted in the vesica as far up as the 
entry of the ureters. 

The infusion took place through the exposed jugular vein from a 
100 ml biurette devised like a Wolff’s flask. By a suitable warming device 
the temperature of the infusion fluid could be regulated in accord with 
the body temperature of the animal. 

Blood samples were drawn in the middle of the diuresis periods 
through a cannula inserted in the carotid artery. Coagulation in the 
cannula was prevented by citrate, in the blood samples by means of 
Liquoid Roche. The blood was at once centrifuged, whereupon the 
analyses were made on plasma. 

The creatinine analyses on the plasma and urine were performed 
on the principle of Folin, with a technique devised by Nielsen (1933). 

Experimental Results. 

For the description of the sulphate diuresis experiments we 
have chosen a single experiment typical of all 25, which were 
carried out with essentially the same technique. 

JVotes on experiment: 

Experiment 18, 1940. Male rabbit. Weight: 3.26 kg. Temperatme at 

beginning of experiment 37.8°,* at end of experiment 
39.2°. 

At 9.30 oral ingestion of 1.5 gr. creatinine and 19.5 ml 25 % urethane 
solution in up to 100 ml water. Animal placed in an 
incubator. . 

At 10.30 operation as described above: bladder cannula, cannula m left 
carotid artery for blood samples; further, a cannula in 
the right jugular for infusion. 

6 — i32126. Acta pJtys. Scayidinav. Vol. 6. 
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12.35 — 13.55 urine collected and measured. Diuresis 3.8 , ml in 80 min. = 
= 0.048 ml per min. 

At 13.05 blood sample drawn, 6 ml^ for clearance determination in a 
diuresis period (“normal period”) before sulphate diuresis 
sets in. 

14.05 — 14.27 intravenous infusion first of 20 ml 0.9 % NaCl solution 
and then of 125 ml 20 % NajSO^, IOH 2 O solution, j. e. 
at an infusion rate of 6 — 7 ml per minute. 

14.15 — 14.19 First sulphate diuresis period . . . Blood sample (6 ml) 
at 14.17. Diuresis 45 ml in 4 min. 11 . 25 ml per min. 
14.19 — 14.23. Second sulphate diuresis period . , . Blood sample 
(6_ml) at 14.21. Diuresis 65 ml in 4 min. = 16.25 ml per 
min. 

14.23 — ^14,27. Third sulphate diuresis period ... . Blood sample (6 ml) 
at 14.25. Diuresis 32 ml in 4 min. = 8.00 nil .per 
min. 

Experiment concluded, animal killed, kidneys removed and fixed 
(bodywarm) for histological examination. 

The results of this and 5 similar cases chosen at random are 
presented in Table 1. 

The corresponding conditions for all 25 experiments are shown 
in Fig. 1, where each point in the curve represents a single experi- 
mental period after sulphate infusion, the normal periods being 
omitted here. 

The experiments show the following facts (compare Table 1 
and Fig. 1). 

1) Tlie diuresis is enormously increased as a result of the 
sulphate infusion, e. g. in the above-described experiment 18 from 
0.05 ml per min. in the normal period to respectively 11.25, 
16.25, and 8.00 ml per min. in the 3 four-minute sulphate diuresis 
periods. 

In most of the other experiments the same considerable in- 
crease was found in the diuresis. The great rise in the excretion 
of fluid sets in as soon as the sulphate has reached the animal’s 
blood-stream, and on continued sulphate infusion attains its 
maximum in about 10 — 12 minutes, whereafter there is again a 
decrease in the excretion of urine so that after the infusion has 
lasted for about 20 minutes (the duration of the infusion in most 
of the experiments) the excretion has dropped to about 1 ml 
per min., i. e. still a high diuresis for a rabbit. 

\ The reason why the blood samples were so comparatively large was that 
in these experiments determinations were also made in the various periods of the 
serum protein content and the hajmoglobin percentage, while the plasma and 
were analysed for various substances; sulphate, urea; chloride, and glucose. The 
results of these investigations will be discussed in a later paper. 
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C. 
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25.0 

52.2 

1 2.10 
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8.00 

7.85 

50 ; 

50 

19 

N 

14.7 

4450 

303 

13.00 

0.045 j 

13.46 

0.3 

99.7 


S’ 

12.4 

35.7 

2.88 

21.00 

7.50 

14.10 

35 

65 


S’ 

11.5 

17.8, 

1.55 

23.60 
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8.35 

65 

35 


S’ 

11.7 
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41 


Fig. 1 shows that the diuresis differed in the various periods. 
The highest values for the excretion of fluid, 16—17 nal per min., 
were attained for the largest of the animals and most frequently 
in the second sulphate diuresis period, while the comparatively 
lower values, down to less than 1 ml per min., were chiefly derived 
from the last periods of the experiments and especially from a 
few experiments where the further course of the falling diuresis 
















84 


PER SCUOU. 


UrinG-C. index 


10 5 4 3 



Diuresis ml per minute 

Fig. 1. Diagram showing the relation between diuresis and filtration in the 
glomeruli calculated as the creatinine clearance in 84 sulphate diuresis perioes in 

25 experiments. 

The points represent the relation found in each diuresis period. 

The oblique lines represent some v’alues chosen at random for the C index ot 

, , r- . ■ ultrafiltration _ . , 

the urine determined according to the denmtion — inae.x. 


curve was followed beyond the diuresis periods analysed in the 
“standard experiments”. 

These experiments will be discussed in a later paper. 

2) The creatinine clearance, which in accordance with the 
prevailing renal function theory should in rabbits be a measure 
of the ultrafiitration in the glomeruli, increases at the same time 
though in less degree than the diuresis. Within the sulphate diure- 
sis periods (Fig. 1) the creatinine clearance seems to increase m 
direct ratio with the increase in the diuresis. 

3) The concentration degree of the glomerular filtrate, 4. e. m 
concentration index of the urine (C. vzdex) drops from va,lues ab^ 
100—300 (Table 1) prior to the sulphate infusion to about i.5— 
2.0 — 4.5 after sulphate has been given. 
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Histological Examination of tlio Kidneys 
after Sulphate Diuresis. 

In several of the experiments the kidneys were removed for 
histological examination. Similar examinations have previously 
been made by Danish investigators. 

Thus ScHEEL (1907) showed on rabbits’ kidneys that the infusion of 
a sulphate solution produces a considerable dilatation of the tubules. 

Jessen (1923) confirmed this fact. 

Okkels (1930) in his doctor’s dissertation described the histological 
picture of a rabbit’s kidney after infusion of a strongly hyj^ertonic 
sulphate solution. 

The author found a varied picture of the tissue, much dilated ca- 
pillary loops in the glomeruli and slight dilatation of the glomerular 
capsule. In the tubules, whose different segments could each be dis- 
tinctly discerned, all transitions from the finest slitlike to more dilated 
lumina with cupola formation were found. In certain places Henle’s 
loops were found to be full of these cell cupolas from the first con- 
voluted tubule, evidently carried distally with the stream. 

In Okkel’s e.xperimcnt the animal had had an infusion of 6 ml 20 % 
NoaSO,. In the experiments here described the animals had been given an 
infusion of considerably larger amounts of sulphate solution and in 
the histological picture of these experiments the above-mentioned 
changes do in fact recur but in a more marked degree than has pre- 
viously been observed. 

As an example we may here describe the kidney from the above- 
mentioned Experiment 18. 

Macroscopicalhj the kidney presented nothing special and the cap- 
sule was easily detachable. 

MicroscopicaUjf- the t)'pical feature in the picture of the kidney is 
a pronounced dilatation of all channels. 

Bdwjian’s capsules give the general impression of being enlarged, 
more or less as it were pressing together the adjacent tubules. The cap- 
sular leaf of the glomerular epithelium is distinctly flatter than normal, 
so that the distance between the separate cell nuclei is remarkbly large. 

The capsular space itself is large presumably as a result of a dilata- 
tion of the capsule. 

In the glomeruli there is a distinct dilatation of the capillaries with 
comparatively few blood cells and very slightly stained plasma. 

Some of the connective tissue cells in the supporting tissue of the 
glomeruli give the impression of being edematous, and altogether the 
glomerulus is light-coloured. . . 

As regards the tvbules it is primarily the pronounced dihtation or 
the lumina that dominates the picture, while in the cortical zone it js 

* I am much indebted to Prosector L. Heervf for helpful advice in the 
description of the histological preparations. 
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impossible to distinguish between the proximal and the distal tubular 
loops. 

The cells in the convoluted tubules are lower than normal but other- 
wise present no distinct signs of degeneration. The nuclei are well 
preserved with visible cell membranes. The protoplasm is granular or 
radiately striated and in some few places remains of brush seams are 
seen. However, the cells have in many places a peculiar irregular 
appearance towards the lumen partly perhaps originating from pre- 
cipitations in the lumen ■which extend into the protoplasm. No cell 
limits are to be seen. 

In Hmle's thin segment the lumen is enormously dilated with quite 
flattened cells with strongly projecting nuclei. 

The cells of the collecting tubes are light-coloured, “vesicular”, and 
here again the cells, as throughout the kidneys, are enormously dilated. 

The connective tissue stroma has also, around the tubules, an ede- 
matous appearance, the capillaries are dilated, but otherwise there is 
no change in the vessels. 

Thus the histological picture exclusively shows evidence both 
in the glomeruli and especially in the tubules of the enormous 
amount of fluid that passes through the renal ducts in a short 
time. 


Bisenssion. 

As far as "w^e know there have not previously appeared in the 
literature any more detailed investigations on so excessive an 
increase in the diuresis of rabbits as was produced in the experi- 
ments here described. 

If the relation between the diuresis and the creatinine clearance 
is examined. Fig. 1 and Table 1 show that corresponding to the 
very substantial increase in the excretion of fluid there occurs 
an increase in the creatinine clearance which — within a very 
considerable range of variation — rises in the sulphate diuresis 
periods to about twice or three times the values observed in the 
normal periods. The position of the points in Fig. 1 would seem 
to indicate a distinct tendency to direct proportionality between 
the two 'factors, and even if the diuresis is augmented ever so 
much there is nothing to show that the creatinine clearance ad- 
justs itself to any maximal constant value (“augmentation 
limit”). 

There are pretty considerable divergences in the diagram but 
in this. connection it should be noted that the results presented 
here are derived from 25 experiments. 
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The straight line around \Yhich the points are grouped in fig. 1 
represents a remarkably low G. index of about 2, varying between 
1.3 and' about 4:^ these exiTenieL^ Totv ncdties foT C, indices ^ ^Tesuttn^ 
ably not fremously observed in iniact animals, in connection ioith 
the very high diuresis must be pointed out as characteristic of the 
sulphate diuresis. 

In man (Cope 1932, Iversen and Bjerestg 1935) and in certain 
animals: antliropoid ape, bird, and dogfish (quoted from Smith 
1937), the creatinine clearance, according to the modern kidney 
function theory, is assumed not to be identical with the filtration 
in the glomeruli, creatinine being excreted partly by tubular 
excretion (Shannon 1935), so that in these animal species as recom- 
mended by Smith (1937) inulin clearance must be used as a mea- 
sure for the glomerular filtration. 

In rabbits (Kaplan and SmTH 1935), dog, sheep, and seal (quoted 
from Smith 1937), on the other hand, creatinine clearance is said 
to give a quantitative measure of the amount of the filtration. 

If we adapt this view to the experimental results gained in 
the present work the excessive sulphate diuresis must be sup- 
posed to come about as follows; 

The ultra filtration is augmented 2 — 3 times. The essential factor 
in the increase of the diuresis, which amounts to about 100 — 150 
times, must therefore he a reduction of the reabsorption in the tubules, 
or in other words: the diuresis is partly conditioned by the glomeruli, 
but quite predominantly by the tubules. 

These facts are presented in the last two columns of Table 1, 
which show the values for the excr, percentage and the reabs. 
percentage calculated in accordance with the filtration — reab- 
sorption theory, i. e. the percentage figures for those parts of the 
glomerular filtrate which are respectively excreted and reabsorbed 
in the tubules. 

While, as will appear from this, under normal circumstances 
less than 1 % of the glomerulus filtrate is excreted as urine, the 
remaining 99 percent being reabsorbed in the tubules, these con- 
ditions must be altered as a consequence of the sulphate infusion 
in such a way that hereafter about 50 — 10 % of the amount of 
fluid filtered in the glomeruli will be excreted and the reabsorbed 
amoimt of fluid thus be reduced correspondingly so as to comprise 
only 50 — 30 %, a C. index of 2 signifying that 50 % of the filtered 
off fliiid are reabsprbed while 50 % are excreted with the urine. 
C. index 3 = 67 reabsorption, 35 % excretion. 
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This result can in no way be said to be irreconcilable with the 
kidney function theory but, on the other hand, the experimental 
results cannot be taken as a proof of the validity of the 
theory. 

Thus certain presuppositions must be made if the sulphate 
diuresis is to be explained on the filtration-reabsorption theory. 

As regards the glomerulus junction physical conditions allowing 
the calculated augmentation of the filtration must be present in 
the glomeruli. 

In another paper it mil be shown that the conditions of blood- 
pressure and blood-flow obtaining at any time in the glomeruli 
are of such an order of magnitude that the range of variation 
found for the filtration — from less than 1.0 to 30.0 ml per min. — 
becomes possible (fig. 1). 

With respect to the tubular junction it should be noted that, 
assuming the correctness of the theory, the urine should, during 
the excessive sulphate diuresis, come very close in its composi- 
tion to the composition of the ultrafiltrate when as much as GO- 
TO % of this is excreted as urine. In a future paper, where the 
content in the urine of various substances is determined and 
compared with the corresponding concentrations in the plasma 
and the concentrations in the ultrafiltrate calculated from these, 
it will be shown that during the excessive sulphate diuresis the 
urine actually approximates very closely to the glomerular ultra- 
filtrate. 

In this connection we may mention a work by Bayltss and 
LuNDSGAARn (1937). By perfusion experiments on isolated kid- 
neys with blood containing cyanide these authors, as previously 
Starling and Verney (1921), brought about a greatly increased 
diuresis. This was supposed to result from a paralysis of the reab- 
sorption in the tubules caused by the cyanide, expressed by a 
fall in the C. index to the same level as was obtained in the present 
work by the infusion of sulphate. 

A similar reduction in the concentration index of the urine 
i]i perfusion ex 2 ieriments on isolated kidneys was found by Bick- 
ford and WiNTON (1937) by cooling. 

In both the above-mentioned works it proved impossible to 
stop the tubular activity of the kidneys entirely, nor has this been 
possible in the present investigation. The C. index is not in any 
case pressed down to 1.0, even though the lowest values are indeed 
not far from it (1.2). 
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Incidentally, as regards tlie glomerulus function it is interesting 
to note that, while in the present work an increase in the filtra- 
tion must, as already mentioned, be taken into accoimt as one 
factor in the augmentation of the diuresis, the calculations in the 
works of the above-mentioned authors on the contrary show a 
fall in the filtration, which is presumably due to the fact that 
they deal with an artificial perfusion of the kidneys and so with 
partly injured kidneys. 

The histological picture of the kidneys from the animals used 
for the experiment shows changes with dilatation of the glomeruli 
but especially — and in a marked degree — of the ducts of the 
kidneys hoth the convoluted tubules, the loops of Henle, and the 
collecting tubes — a picture which will readily explain how the 
enormous amounts of fluid have been able to pass through the 
kidneys in as short a time as was the case. 


Summary. 

1) By intravenous infusion of large amounts of hypertonic 
sulphate solution the diuresis of rabbits is brought up from the 
normal order of magnitude of about 0.1 ml per min. to values 
ranging from 10 — 15 ml excreted fluid per minute, that is to say, 
an augmentation to about 100 — 150 times the normal diuresis. 

The creatinine clearance is increased to about 2 — 3 times the 
normal, while the figures for the C. index of the urine drop from 
100 — 200 to about 2. 

2) If the creatinine clearance is accepted as a measure for the 
ultrafiltration in the glomeruli, calculations of the movement 
of the fluid in the kidneys in accordance Avith the filtration — 
reabsorption theory show that the enormous diuresis must occur 
as an augmentation of the glomerular filtration combined with 
a very marked reduction of the reabsorption of the fluid in the 
tubules, half to two-thirds of the glomerular filtrate leaving the 
kidneys as urine imder these circumstances. 

3) The histological picture of the kidney after sulphate diuresis 
shows an enormous dilatation of all the renal ducts, which explains 
how the immense amounts of fluid have been able to pass through 
these in the course of a very short time. 
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IV. Tonus of tlie Uterine Musculature in the Rabbit; 
its Dependence on Hormonic Factors. 

By 

SUNE GENELL. 

Received 3 May 1943. 


Earlier investigations (Genell, 1937, 1939, 1940) have shown 
that the tonus of the uterine musculature in the rat depends 
upon hormonic factors. Oestrin lowers the tonus, and as a result 
the amplitude increases and the contraction frequencj decreases 
in the uterine musculature. This effect of oestrin subserves, 
among other things, the mechanism of sperm transport (Genell, 
1939), Avhich in the rat, as in other animals in which it has been 
possible to investigate it experimentally, takes place with great 
rapidity. In most of the animals studied the spermatozoa are 
transported from the vagina to the tube within one minute. 
At the time of my first investigation (Genell, 1937) the rabbit 
alone seemed to occupy a distinct position, the sperm transport 
in this animal appearing to require one to two hours. In view 
of this it would have been expected that the basic fact in this 
mechanism, the depression of. tonus by oestrin, did not apply 
to the rabbit. Since then, however, a new investigation (Kreh- 
BiEL and Carstens, 1939) has made it probable that the mecha- 
nism of sperm transport in the rabbit is fully analogous to that 
in other animals and takes place with the same extraordinary 
rapidity. In these circumstances it became desirable to investigate 
the tonus conditions in the uterine muscle of the rabbit and the 
effect upon them of oestrin. 
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Method. The same metliod has been applied as in the investigation 
on the tonus conditions in the rat’s uterine muscle (Genell, 1940). 
On account of the size of the organ in the rabbit, however,’ only a 
2 mm broad ring from the middle of one uterine cornu has been taken 
instead of the whole cornu. The recording threads have been looped 
loosely through this ring, and it is therefore the tonus of the circular 
muscle that is recorded. 

In measuring the relaxation curves the peak of the first contraction 
has not been selected as the zero position, as it was in the aforementioned 
experiments, but the average of all the contraction peaks has been taken 
as the zero position. As it is known from previous experiments on rats 
that the tonus is not stabilized in the surviving preparation until after 
about one hour, only the relaxation values from 60 to 180 minutes 
have been recorded. 

Since the sexual cycle of the rabbit, on account of this animal’s 
coitus-controlled ovulation, is irregular and difficult to determine, 
the experiment has been conducted on animals castrated one month 
before the experiment. At the first operation, in which the first uter- 
ine cornu was extirpated for trial, 10,000 I. U. of oestrin (in oil solu- 
tion) -were given intrapcritoueally, and the second cornu, thus treated, 
was examined six days later. Twenty rabbits have been employed. 

The result of the investigation is given in Table 1, in which the 
relaxation values are recorded. It is obvious that the difference 
between the groups “Castrate” and “Oestrin-treated Castrate” 
is quite significant. 

Discussion. The present investigation shows that the effect 
of oestrin on the tonus of the uterine musculature of a castrated 
animal is the same in the rabbit as in the rat. The tonus is depressed 
by the action of oestrin. It is, then, justifiable to draw the con- 
clusion that the variations in the tonus of the uterine musculature 
detected in the rat during different phases of the sexual cycle 
are likewise present in the rabbit. The heat period is, then, char- 
acterized by low tonus in the uterine muscle, the other phases 
by higher tonus, the higher the lower the oestrin elimination is. 

Summary. The tonus of the myometrium of the rabbit is high 
in castrates. It is depressed by pretreatment of the experimental 
animal with oestrin. By analogy the conclusion is drawn that the 
tonus of the uterine musculature in the rabbit varies with the 
sexual phases in the same way as in the rat, that it is low during 
the heat phase, high during the non-heat phase. 



MUSCULAR FUKCTIONS OF THE GENITAL TRACT. 93 


Table 1. 
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On tlie Influence of Alcoliol on tlie Pupillary 
Light Reflex in Man. 

By 

C. R. SKOGLDND. 

Received 17 Ma}’ 1943. 


A critical perusal of the protocols of the tests carried out by 
different physicians on persons under the influence of alcohol 
showed contradictory observations on the presence of slowened 
pupil reactions (LinJESTRAND 1940). A study of this reaction 
with an objective method was therefore deemed necessary in order 
to elucidate the diagnostic value of this symptom. 

To this end the pupil contraction was recorded Avith a 16 mm 
film camera at a controlled rate, generally 20 pictures per sec. 
The diameter of the pupil Avas measured directly from the film in 
a microscope Avith an ocular micrometer permitting an accuracy 
of 0.1 mm. The observer gazed monocularly against a faintly 
illuminated ground glass disk of about 5 cm in diameter at a dist- 
ance of 30 cm. The rest of the room was dark. The ground glass 
disk could be instantaneously illuminated with a 200 watt bulb 
in a projector Avith the aid of a shutter. 15 ml 50% alcohol was 
given on an empty stomach. In all, six experiments AA'ere carried 
out with four observers. Blood alcohol was measured in three 
cases. 

As shown by fig. 1, the normal reflex contraction of the pupil 
took place along a logarithmic curve the constant of which varied 
with the initial- width of the pupil. This fact has previously been 
noted by Machemer (1935). C represents a curve with a medium 
initial pupil size, F one after maximal dilatation obtained by 
prolonged dark adaptation, A and B after smaller initial values 
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Fig. 1. Contraction curves for pupU reacting to light. Ordinates: pnpilla^ dia- 
meters in mm. Abscissae: time from beginning of stimulus in sec. Inset: Ordinates: 
log pupillary diameter less the diameter of the pupil when maximally contracted. 


caused by respectively stronger fixation light and pilocarpine in 
the conjunctival sack. Subjective tests are directed towards ob- 
servation of the rapid initial phase. For ordinary pupil widths 
the initial phases differ too little to be noticeable to the naked 
eye. 

Alcohol dilates the pupil in proportion to the blood alcohol 
by roughly about 10 % for maximum concentration of alcohol in 
these experiments, 1.3 promille. The pupillary contraction curves 
from such experiments as in D and E in fig. 1, corresponding to 
a blood alcohol of about 0.5 respectively 1.2 promille, do not 
differ from the normal ones, but as with large pupillary diameters 
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it lasts somewliat longer before tbe contraction is finished, this 
may simulate a slowening of the pupil reflex. 
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The Gastric Secretory Excitant from the 
Pyloric Mucosa. 

By 

BORJE DVNAS. 
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Bdkins (1906) reported that extracts from the pyloric mucosa 
of pigs and cats evoked gastric secretion when injected intra- 
venously on anaesthetized cats. The most active extracts were 
obtained by boiling the mucosa in water or 0, 4 % HCl. Extracts 
from the fundic mucosa were inactive, whereas cardiac mucosal 
extracts showed slight activity. Brom these experiments Edkins 
postulated the existence of a humoral mechanism acting in the 
gastric phase of gastric secretion. Secretory excitants were con- 
sidered to be liberated chiefly from the pyloric mucosa. 

Later experimental work has convincingly proved that a hu- 
moral mechanism controls the chemical phases of gastric secretion. 
The results obtained have also provided evidence in favour of the 
view that the humoral factor is chiefly liberated from the pyloric 
mucosa. The hormonal nature of the agent, however, has been 
doubted. 

A review of the numerous papers concerning these problems 
was given by Uvnas (1942). In the present work only a few in- 
vestigations dealing with the chemical nature of the humoral fac- 
tor will be cited. 

Maydell (1913) arrived at the same conclusions as Edkins. 
In his experiments HCl-extracts from the gastric mucosa of pig, 
dog and cat were tested on Pavlov pouch dogs. Working on 
anaesthetized cats, Lim (1923), also observed a gastric secretory 
excitant in HCl-extracts from the pyloric mucosa, but as he failed 

7 — '(32126. Acta pliys. Scandinav. Vol. 6. 
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to find any excitant in the blood after meals he was of the opinion 
“that Edkins’s gastrin must be regarded as an extraction produkt 
rather than as an internal secretion product”. Other investigators 
(PopiELSKi 1909, Emsmann 1912, Ehrmann 1912) found" that 
liCl-cxtracts from various mucous regions of the alimentary canal 
evoked gastric secretion on subcutaneous or intravenous admin- 
istration. Keeton and Kocii (1915) demonstrated the occurrence 
of a gastric secretory excitant in extracts from all regions of the 
dog’s gastric mucosa. As extracts from other regions of the ali- 
mentary canal were inactive, tlie.y considered the active agent to 
be a specific gastric excitant. The active agent Avas obtained in a 
protein fraction insoluble, in absolute alcohol. In a later jiaper 
JjEckhardt, Keicton, Kocit and La hlicu (1919) report that the 
alcohol-soluble fraction of their extracts also shoAved actiAuty. 
An alcohol-soluble substance could bo extracted from various mu- 
cosal regions of the alimentary canal, as also from several other 
tissues and organs. I’he nature, of these “gastrin bodies” Avas 
further investigated by ICocu, Jutckarot and Kiceton (1920). 
They considered them to be. closely related to but not identical 
Avith histanunc. 

Poi’iELSKi (1920) obsei'A’cd the. gastric secretory effect of his- 
tainine. "Whoji Sachs, Tva% Vandouah and Buroess (1932) Avere 
able to isolate crystalline histamine from extracts of the pig's 
pyloric mucosa, this Avas taken to indicate that histamine Avas 
“the gastric hormone”. The .secretory activity of Edkins’ ex- 
tracts, as also those of later iiiA’estigators noAV Avas considered to 
be due to their histamine content. 

In 1938 KcArARcn'^ claimed to haAm obtained from the pyloric, 
mucosa of dogs a histamine-free extract, AA’hich on intraA’'enous 
injection on anaesthetized dogs and cats eA'oked gastric secretion. 
Eundic extracts Averc iTiactiA’^c, Avhereas extracts from the duodenal 
mucosa shoAved slight activity. The active agent Avas found in the 
protein fraction and considered to be protein like in nature. 
KOiUAROV considered his findings to support the theory of a hor- 
monal mechanism acting in the gastric and intestinal phases of 
the gastric secretion. The results of Komarov, hoAvever, could not 
be confirmed in Ivy’s laboratory (Ivy 1940). 

In 1942 Ua'Nas reported experiments Avhich indicated that the 
cephalic phase of gastric secretion is controlled by a hormonal 
mechanism chiefly localized in the pyloric region. Interference 
Avith the function of the pyloric mucosa by cocainization or extir- 
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pation stopped or considerably diminisbed the gastric secretion 
induced electrical stimulation of the vagi. In cross-circulation 
experiments a gastric secretory excitant was observed in the blood 
during vagal stimulation. By using Komarov’s extraction techni- 
que, extracts from the dogs’s, cat’s and pig’s pyloric mucosa were 
found to stimulate gastric secretion. Fundic extracts ivere inactive. 
UvxAS agrees ivith Ko:marov that the active agent is not hista- 
mine, but probably a protein-like substance. 


Experimental Teclmiqiie. 

All experiments were performed on cats and dogs previously starved 
for 24 hours. Tlie anaesthetic used was a mixture of chloralose and 
urethane. During a short ether anaesthesia 0.05 gm chloralose and 0.5 
gm urethane per kg body weight were slow!}* injected intravenously. 
Before anaesthesia the dogs received 10 mg morphine per kg body 
Aveight subcutaneously. 

The operative procedure was identical Avith that dcA-ised by Ua’'nas 
( 1942). The A^agi Avere exposed in the neck and cut. The trachea was 
cannulated and the oesophagus tied in the neck. The stomach Avas 
drained by a thin perforated rubber tube introduced into the stomach 
through a glass cannula inserted in the A’entral stomach Avail just 
proximal to the pyloric region. The cannula AV’ith the rubber tube Avas 
pushed out through an incision in the left abdomen. The duodenum 
AA'as ligated just proximal to Yater’s ampulla. After the abdominal AA-all 
AA'as closed the animal Avas placed on its left side, the front half of the 
body someAA'hat higher to facilitate the outfloAV of the gastric juice. 

Our earlier extracts (Uvx.as 1942) Avere iiiA-estigated on animals Avith 
their pyloric regions cocainized or extirpated. It AA-as then observed 
that a maximal secretory response was usually obtained only Avhen the 
A'agi AA'ere electrically stimulated concomitantly Avith the injection of 
extracts. In our later experiments the extracts haA-e been tested on 
animals AA'ith their stomachs intact. On these animals abundant secre- 
tion AA'as induced by the extracts CA'en AA'ithout concomitant A'agal 
stimulation. To ascertain a maximal secretory response, lioweA'er, in 
most experiments the Amgi were stimulated by the technique pre- 
A’iously used. The intensity of the stimulus was adapted to maintain 
only a A'ery slight continuous gastric secretion. The secretory A'olume 
AA'as measured in 15-minute periods. The gastric juice Avas tested for 
total acidity either by electrometrical titration a potentiometer accord- 
ing to Prahn being used (Ua^kas 1942), or colorimetrically using 
phenophthalein as indicator and N/IO NaOH as base. 
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TIi(i Secret(u\v Kesponse to ExtiMcts from Dilforent 
Mucosal llegioiis ol' tlie Stoniacli and Intestine of 
Cats, Dogs and Pigs. 

The extraction teclmique devised by Komarov (19,38) was used. 
During the course of the work minor modifications were made. Most 
of the extracts were prepared in the following way. 

The mucosa to be extracted was excised, minced with scissors and 
boiled for 30 minutes in 10 volumes of N/IO HCl. The acid extract was 
then left in the refrigerator over night. Next morning after centrifuging 
and filtering through cotton wool the filtrate was neutralised with 
N NaOH to pH 4 — 5 and precipitated with an equal volume of 10 % 
trichloracetic acid. 1 — 2 hours later the precipitate was centrifuged off 
and washed 3 times with 40—50 volumes of 10 % trichloracetic acid 
in saline, twice with 50 volumes of .acetone, once with benzene, twice 
with ether and dried at 37“ C. A white powder was obtained, which 
was then stored in the refrigerator. 

Before testing, the extracts were suspended in Tyrode solution made 
slightly acid with a few drops of N/10 HCl. An opalescent solution was 
obtained. In testing extracts from dogs and cats an amount of dry 
substance corresponding to 2 — 5 gm of moist mucosa was suspended 
in 15 ml of Tyrode solution. In testing extracts from pigs amounts cor- 
re.sponding to 5 — 10 gm mucosa w'cre used. 

The testing procedure was as follows. The vagi were slightly stimu- 
lated to induce a slow constant gastric secretion (some tenths of ml 
per 15 minutes). Constancy of secretion being obtained, the extract 
was injected intravenously in the iliac vein at a rate of 0.4 ml per mi- 
nute. After 30 minutes the injection was stopped and the secretion 
allowed to decline to the basal level before a new extract was tested. 

Fig. 1 a shows a typical secretory response to the injection of 
a pyloric extract from cat and Hg. 1 b the response to two extracts 
from pig’s pyloric and one from pig’s fundic mucosa. The secre- 
tion usually began to increase 5 — 10 minutes after the injection 
had started, and reached its maximal value during the second 
15-minute period. After the injection was stopped an abundant 
secretion continued dm-ing the follo^ving 15 minutes, and then 
gradually- declined, usually to reach the basal level "within 30 — 45 
minutes after the end of injection. The acidity of the juice varied 
in the different experiments, but was always high. As in the secre- 
tion induced by vagal stimulation or histamine injection, the 
acidity gradually rose during the first period of secretion, later to 
be maintained at a relatively constant level. The acidity usually 
rose to values between 140 — 170 milli-equivalents per litre. The 
maximal values observed were about 180 mill, eq./lit. 
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Ptjhric extracts from cots\ U]) to date 43 extracts from the 
pyloric mucosa of cats liave been tested. As seen from the table, 
only one extract was inactive. Five caused a secretory increase 
i)eyond 2 ml in 60 minutes, and were considered to be doubtfully 
active. Eight extracts were classified as only slightly active 
(yielding 2 — 5 ml juice in 60 minutes), whereas 29 evoked an abund- 
ant secretion amounting to 5 — ^25 ml in 60 minutes. 

Pjjloric extracts from dogs. The extracts from dog’s pyloric mu- 
cosa were usually tested on dogs. A few have also been tested on 

VOLUME 

ML 



Fi(j. 1 n. Cat 4.2 kg. Gastric secretion during slow intravenous injection of a 

pyloric extract from cat. 

cats. Out of twelve extracts two Avere inactive, two doubtfully ac- 
tive, and three only slightly active. Five extracts eAmked a copious 
secretion amounting to 30 — 60 ml in 60 minutes. 

Pyloric extracts from figs. Fourteen extracts were tested on cats. 
Among these, one showed no actitdty, and four only slight ac- 
tivity, Avhereas 8 evoked an abundant secretion. 

16 extracts from the cat’s corf us mucosa were tested. 13 of these 
extracts Avere quite inactiA’'e, A\’'hereas 2 were doubtfully positive, 
and 1 induced a slight secretion. 

1 extract froyn the dog’s corfus mucosa was inactive, and of 4 
similar extracts from figs 3 AA'-ere inactive and one doubtfully ac- 
tive. Tavo extracts from the cardiac mucosa of figs Avere also in- 
active. 

Some extracts from different regions of the intestines AA^ere also 
tested. 

^ The part of the stomach distally to the incisura angularis was considered to 
belong to the pyloric region. 



102 


IJORJE UVNAS, 


VOLUME 

ML 



Firj. 1 I). Cat :L(i kg. CJnHtrii; secretion duriiif' slow intravenous injection of two 
pyJon'e (no. t{;> a. (Id) and one corpus extract (no. (i7) from pi^. 



Fir/. 2. Cat 3.(i kg. Gastric .secretion during .slow intravenous injection of two py- 
loric extracts from pig. Note the considerable decline in the secretory response 

to p. extr. no. 112. 


Contrary to Komarov no activity could usually be observed in 
extracts from the duodenal mucosa. Only one extract from the cat’s 
duodenal mucosa showed slight activity. Three extracts from cats, 
one from dogs, and three from pigs were quite inactive. 

Some extracts from the mucosa of the ileum and colon of dogs 
and cats were also inactive. 

It was frequently seen that during the course of an experiment 
the secretory response to an extract diminished. This was partic- 
ularly seen when extracts from pigs were used. Fig. 2 shows the 
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Fig. 3. Cat 3.5 kg. Gastric secretion during .slow intravenous injection of liista- 
mino (10 y per kg body weight and minute). After a period of secretion CO mg 
(eorresponding to 5 gm moist mucosa) of a pyloric c.vtract from pig are injected 
intravenously. Note the decline in the secretory rate. 


considerable decline of the secretory response in an experiment 
where two. different extracts from pig’s pyloric mucosa were in- 
vestigated. When testing several extracts on one animal it was 
therefore necessary now and then to interpose an extract of known 
activity. The decline in the secretory response is probably due to 
toxic or inhibitory influences of impurities in the extracts. That 
this Avas so was indicated by experiments as illustrated in jig. 3. 
A continuous gastric secretion Avas induced by intravenous injec- 
tion of 10 y histamine per kg body Aveight and minute. An intra- 
venous injection of 100 mg of a pyloric extract from pig (corres- 
ponding to 10 gm of moist mucosa) caused an immediate decline 
of the secretory rate. It is to be noted that Av^hen tested in the 
usual manner by sIoav intravenous injection the same extract cau- 
sed gastric secretion. 

The presence of various amounts of impurities in the extracts 
AA^as also indicated by the fact that no relation Avas found betAveen 
the amount of dry residue and the activity of the extracts. 


Mode of Admiiiistnition. 

In the experiment represented in jig. 4 100 mg of a pyloric 
extract from cat aa'ss administered intravenously, intramuscularly, 
and intraperitoneally. Only the intravenous injections AA’^ere effec- 
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Fig. 4. Cat 3.G kg. Gastric secretion after intramuscular, intrnperitoneal, and 
intravenous injection of 100 mg of a pyloric extract from cat. 

a. Slow intravenous injection. 

b. Intramuscular injection. 

c. Intraperitoneal injection. 

d. Intravenous injection. 


tive. Intramuscular anti intraperitoneal injections induced onl)’’ a 
very scanty secretion. It was generally seen that subcutaneous, 
intramuscular, and intraperitoneal administration of the extracts 
caused no, or a very scanty secretion. We do not know the reason 
for this. It is a remarkable fact that secretine too is ineffective — 
or nearly so — when administered subcutaneously, intramuscu- 
larly, or intraperitoneally (Ageen 1934, Mellanbv 1928). 


The Histamine Content of the Pyloric Extracts. 

In his report Komakov claims that when tested biologically 
according to Best and SIcHeney, and Baesoum and Gaddum 
his active pyloric extracts were found to be histamine free. When 
testing directly on the guinea-pig’s ileum, Uvnas observed that 
his pyloric extracts caused contractions of the intestine possibly 
due to traces of histamine. The histamine concentrations found 
were too small, however, to be made responsible for the gastric 
secretory effect of the extracts. When tested on the cat’s blood- 
pressure the extracts showed no depressor effect. 

We have tested most of our later extracts on the guinea-pig 
ileum. The technique was identical %vith that described by Bm- 
lUELiN et al. (1941). By using this technique a histamine concentra- 
tion of 20 y per litre is safely determined. Most of the extracts 
tested were found to be quite histamine-free. Some caused a slight 
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contraction of the intestine corresponding to only 20 30 y 

histamine per litre. 

No relation was found between the contractile response to and 
the secretory effect of an extract. On the contrary, extracts ex- 
citing gastric secretion mostly were quite inactive when tested on 
histamine on the guinea-pig ileum. 

Ejimelin et ah claim that the histamine found on extracting 
Idood plasma and testing the extracts pharmacologically is pres- 
ent normally in the plasma in a physiologically inactive state. To 
exclude the possibility that the activity of the pyloric extracts 
might be due to histamine in such an inactive state, some of the 
extracts were chemically treated according to the modified Bar- 
soum-Gadduin method used by Emmelin et al. in their investiga- 
tions on plasma histamine. No traces of histamine could be de- 
tected. 


Discussion. 

Confirmatory to earlier reports by Komarov and Uvnas, a 
gastric-secretory excitant was obtained in extracts from the py- 
loric mucosa of cats, dogs, and pigs. Extracts from other gastric 
regions were found to be inactive, or to evoke only a very slight 
secretion. It is possible that improved extraction technique null 
reveal the presence of a gastric-secretory agent also in other re- 
gions of the gastric mucosa. Anyhow, our results indicate that 
the pyloric mucosa occupies a special position, containing much 
greater amounts of the active factor than other stomach regions. 

The active extracts were found to be histamine-free when tested 
directly on the guinea-pig ileum, as well as when tested after being 
extracted by a modified Barsoum-Gaddum method. 

Earlier investigators. Gross (1906), Edkins and I'weedy 
(1909), Sawitsch and Zeliony (1913), Klein (1935), Uvnas and 
others in cross-circulation experiments and experiment on animals 
■with isolated or autotransplanted stomach pouches have provided 
evidence in favour of the view that the humoral mechanism of 
gastric secretion is chiefly connected ■^vith the pyloric region. After 
Sachs, Ivy, Burgess and Vanuolah had succeeded in isolating 
crystalline histamine from extracts of the pig’s pyloric mucosa, 
histamine was generally accepted as “the gastric hormone”. Ga- 
vi.N, McHenry and Wilson, as also later Ejimelin et al. found 
that the corpus mucosa of the stomach contains more histamine 
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Table 1.. 

Gastric Secretion During Slow Intravenous Injection of Mucosal 
Extracts from Different Regions of the Stomach and the 

Duodenum. 


Animal 

Mucosal 

region 

Aclivity of the extracts ] 

Total i 
number 1 
of extracts i 

! 

strongly 

active 

slightly 

active 

doubtfully 

active 

inactive 

Cat 

Pyloric 

region . 

29 

8 

5 

1 

43 

> 

Corpus 

> 

0 

1 

2 

13 

16 

> 

Duodenal 

> 

0 

1 

0 

3 . 

4 

Dog 

Pyloric. 

> 

r> 

3 

2 

2 

12 

> 

Corpus 

y 

0 

0 

0 

1 

1 

> 

Duodenal 

y . 

0 

0 

0 

1 

1 

Pig 

Pyloric 

> 

9 

4 

0 

1 

14 

) 

Corpus 

y . 

0 

0 

1 

4 

5 


Cardiac 


0 

0 

0 

2 

2 

> 

Duodenal 

> 

0 

0 

’ 0 

1 3 

3 


than the pyloric mucosa. The active histamine-frec factor ob- 
tained by Komarov and us is predominantly related to the py- 
loric mucosa. The pronounced localization of the excitatory factor 
to the pyloric region, together with the experimental evidence 
that the humoral mechanism of the gastric secretion is chiefly re- 
lated to the same region, strongly indicate that the active agent 
of our pyloric extracts is identical with the gastric hormone, the 
existence of which was postulated by Erkins. 

Summary. 

A gastric secretor)'^ factor predominantly localized in the py- 
loric region is present in mucosal extracts from cats, dogs, and 
pigs. 

The active agent is not histamine. 
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The stimulating effect of histamine on the HCl-producing 
gastric glands is a well-knotvn fact. Whether histamine also 
activates the peptic glands is a matter of dispute. 

Among other investigators Babkin (1930) and Vinebero and 
Babkin (1931) claim that histamine selectively activates the 
HCl-producing glands, while it does not stimulate the peptic 
glands. They found in experiments on dogs with Heidenhain 
or Pavlov pouches that subcutaneous administration of 0.75 
— 1.0 mg of histamine, evoked a copious secretion of a gastric 
juice rich in HCl. The first portions of the juice showed a con- 
siderable digestive power. The peptic activity in the following 
samples rapidly fell to scarcely detectable values. A second 
dose of histamine augmented the HCl-secretion but did not 
affect the peptic activity. The initial digestive power of the 
gastric juice secreted after histamine they considered to be 
the result of "a washing out” of preformed enzyme from the 
peptic glands. Gilman and Coavgill (1931) arrived at the same 
conclusions in experiments similar to those of Vineberg and 
Babkin. In experiments on anaesthetized dogs Bowie and 
Vineberg (1936) found the gastric juice obtained after sub- 
cutaneous administration of histamine to be extremely poor 
in pepsin. Electrical stimulation of the vagi in the neck, when 
applied immediately after a period of administration of hista- 
mine, stimulated the previous inactive peptic glands, as mani- 
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fested by a rise in the peptic power of the juice. Histological 
examinations of the gastric mucosa revealed maximal discharge 
of pepsinogen granules from the peptic cells after prolonged 
electrical stimulation of the vagi. Contrary to this, several hours’ 
subcutaneous administration of histamine caused no detectable 
diminution in the amount of pepsinogen gi-anules. 

The experiments mentioned above indicate that histamine 
does not stimulate the peptic glands. In recent years Bucher 
and Ivy (1941), and Bucher, Ivy and Gray (1941) in experiments 
on dogs with vagotomized total stomach pouches have arrived 
at a different opinion. Bucher and Ivy investigated the peptic 
secretion after a “double histamine test” and found, contrary 
to earlier investigators, that the peptic activity of the gastric 
juice rose also after a second subcutaneous histamine dose. The 
same authors claim tliat pepsin is partially inactivated already 
at a pH above 1.5 — 2. The lack of agreement between their 
experiments and those of others they consider as possibly due 
to the fact that in earlier experiments no regard had been paid 
to the inactivation of pepsin in gastric juice of low acidity, and 
that unreliable methods for the determining of the peptic activity 
had been employed. Bucher and Ivy used the Beazell modi- 
fication of the hemoglobin method of Anson and Mirsky. Bucher 
Ivy and Gray administered histamine in rather small doses 
subcutaneously in dogs every 10 minutes. In eight-hour experi- 
ments they found no diminution of the peptic activity in the 
gastric juice throughout the experiment. If during the course 
of such an experiment the histamine dose was increased, not 
only the HCl — but also the pepsin output rose. From these 
results Bucher el al. conclude that histamine stimulates the 
peptic glands. 

Clinical investigations have given divergent results. Most in- 
vestigators PoLLAND (1932), Rivers, Osterberg and Vanzant 
(1936), Rivers and Vanzant (1937) and others claim that 
histamine stimulates the peptic glands in man. Ihre (1938), 
as also Toby (1937) and Babkin (1938), state that histamine 
has not effect on pepsin production in man, and consider the 
pepsin of the gastric juice secreted after histamine to be "washed 
out”. 

From experiments on dogs Alley (1935) states that under 
certain conditions histamine inhibits the pepsin secretion. 
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The Author’s Experiments. 

All experiments were performed on cats from -which food had 
been withheld during the preceding 20 hours. As anaesthetic 
a mixture of chloralose and urethane was used. During a short 
ether anaestesia 0.05 g chloralose and 0.5 g urethane per kg 
body weight were slowl}'- injected in the iliac vein. 

Operative procedure. After opening the abdomen a short incision 
was made in the ventral wall of the stomach just proximal to the 
pyloric region. The stomach was drained through a thin perforated 
rubber tube introduced through a glass cannula inserted in the opening 
made in the ventral stomach wall. 

The tip of the cannula and the rubber tube were then pushed through 
an incision in the left abdomen, and the abdominal wall was closed. 
To avoid regurgitation of intestinal contents the duodenum was ligated 
just pro.ximal to Vater’s ampulla. During the e.xperiment the animal 
was placed on its left side, the front half of the body somewhat higher 
to facilitate the outflow of the gastric juico. 

In experiments where electrical stimulation of the vagi was per- 
formed, the vagus nerves were exposed in the neck, separated from 
the sympathetic trunks, and cut as high as possible. The nerves were 
stimulated by platinum electrodes of the Sherrington type. The elec- 
trical stimulus was derived from a generator yielding alternating 
current of about 40 periods per second. Rhytmical alternating stimula- 
tion of the two nerves was arranged for by attaching into the circuit 
a metronome with a frequence of about one stroke per second. 

In experiments where the vagus nerves were not stimulated the 
nerves were cut in the neck in order to avoid cerebral influences on 
the peptic glands. The trachea was cannulated and the oesophagus 
tied in the neck in order to prevent saliva from running into the stom- 
ach. 

Histamine was slowly injected intravenously. The rate of gastric 
secretion was measured in 15-minute periods, and the gastric juice 
tested for acidity and peptic activity. 

Determination of peptic activity. The peptic activity was determined 
by the hemoglobin method first described by Anson and jMiesky 
(1932) and then modified by Beazell et al. (1938). With suitable 
changes in the concentrations of gastric juice and hemoglobin and 
other minor modifications, we adapted the method for the Pulfrich 
photometer. 

The principles of the method. An acidified hemoglobin solution is 
incubated with pepsin under standardized conditions. After a defimte 
time of digestion the enzymatic process is interrupted by precipitating 
the undigested hemoglobin with trichloracetic acid. The precipitate is 
filtered off, and the concentration of digestion products, which give 
a blue colour with phenol reagent (tyrosine, tryptophane and cysteine), 
is determined. 
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Definition of ■peptic activity. One unit of pepsin is defined as that 
quantity which acting at 3/° C. in the standard digestion mixture 
used would liberate in 60 minutes a quantity of material soluble in 
trichloracetic acid,_ a quantity, which in the assay mixture is equiv- 
alent to one milligram of tjurosine. The peptic activity is given in 
peptic units per ml of gastric juice. 

Reagents used. Hemoglobin solution 10 

Trichloracetic acid 40 / 

Hci ; ; n/6 

NaOH 3 .S 5 N 

Phenol reagent according to Folin and 
Ciocalteau. 


The preparation of hemoglobin is carried out according to Anson 
and Miesky, with the modification that instead of carbon monoxide, 
coal gas is bubbled through the blood. 

Procedure of testing. To make up the acid solution of hemoglobin, 
3 volumes of H /6 HCI are added to 2 volumes of 10 % hemoglobin 
solution. 5 ml of this mixture is pipetted into a test tube and heated 
in a water bath at 37° C. for 15 minutes. O .2 ml of gastric juice are then 
added. After electrical stimulation of the vagi gastric juice is generally 
diluted 5 times, whereas histamine juice and other juices poor in pepsin 
are used undiluted. After 15 minutes the digestion is interrupted 
by adding 10 ml of 4 % trichloracetic acid, and after careful mixing 
the precipitate is filtered off. 3 ml of the filtrate are pipetted into a 
glass vessel containing 20 ml of distilled water, and 1 ml of 3.S5 N 
HaHO and finally 1 ml of phenol reagent are then added. Readings 
are made in the Pulfrich photometer after 15 minutes. After this time 
no colour change occurs within 1 — 2 hours. Cuvette length 10 mm 
and filter S 57 are used. As the gastric juice in itself gives a slight 
colour reaction with phenol reagent, all samples are checked against 
a compensation solution. This contains the same ingredients as the 
other samples except that the gastric juice is inactivated. The pepsin 
is destroyed by boiling 5 minutes in a water bath. 

According to Bucher and Beazell (1941) the gastric jmce contains 
inhibitory substances, which influence the peptic digestion. This 
inhibitory effect varies with the degree of dilution of the gastric juice. 
This fact is to be considered in experiments where great variations of 
peptic activity make it necessary to use different concentrations 
of the gastric juice. 

Determination of acidity. Total HCI was determined by electro- 
metrical titration, a potentiometer according to Prahn being used. 
PH 7.4 was taken as the limit for total HCI. 


Results. 

Volume and acidity. Slow intravenous injection of histamine 
initiated and maintained, as previously shown by many observers. 
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secretion of a gastric Juice of high acidity. The secretion began 
ca. 15 — 30 minutes after starting the histamine injection. The 
rate of secretion rose successively during the first 30 — 60 minutes, 
and then tended to be constant during several hours' injection. 
The acidity also increased during the first periods, and then 
usually maintained a constant value throughout the experiment. 
The total acidity varied in different experiments, the maximal 
values reaching about 150 milli-equivalents per litre. The pH 
of the gastric juice only exceptionally exceeded 1.5, and then 
in the beginning of an experiment. The rate of secretion initiated 
bv histamine varied. In most animals 5 — 25 y histamine biphos- 
phate per kg body weight and minute intravenously maintained 
a secretion of about 2.5 — 5 ml of gastric juice per 15 minutes. 

Peptic activity. The peptic activity of the juice secreted under 
histamine injection was low. During the course of the secretion 
the digestive power decreased to extremely low or undetectable 
amounts. In about 20 experiments it was generally observed 
that the greater the rate of secretion the earlier the juice lost its 
digestive poiver. 

In the experiment seen in fig. 1 the gastric glands respond 
to 60 minutes’ electrical stimulation of the vagi with the secre- 
tion of a juice of high acidity and relatively high peptic activity. 
After this, histamine is administered intravenously. Every 60 
minutes the dose of histamine is augmented, and doses from 
5 to 20 y histamine per kg body weight and minute are used. 
A gastric juice of high acidity is obtained. The peptic power, 
however, successively falls throughout the experiment, and the 
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'peptic cells are not stimulated hy the augmentation of the hislamme 
doses. This was invariably seen in all experiments of this 
kind. 

In the experiment represented in fig. 2, 10 y histamine per 
kg body weight and minute are injected intravenously. During 
the following secretion the peptic power of the juice rapidly falls. 
After 45 minutes the injection of histamine is stopped and the 
secretion declines. I7i spite of the diminishing secretion volume 
the pepsin concentration does not increase, indicating that the peptic 
content of the glands is completely washed out. A new period of 
histamine injection is now started. Traces of peptic activity are 
seen at the beginning of the secretion, but afterwards no pepsin 
is detectable. After 60 minutes the histamine injection is again 
stopped. When the secretion has declined the vagi are stimulated 
electrically for half an hour. A considerable secretion of a juice 
of high acidity and a peptic power as high as at the beginning 
of the experiment is obtained. After 30 minutes' rest a new hista- 
mine injection is initiated. The juice now obtained contains pepsin. 
The difference in the digestive power of the juice secreted after 
the second and the third histamine injection period is striking. 
In the former case the peptic glands are apparently emptied 
of their pepsin content by a previous histamine administration. 
In the latter the peptic glands are activated by electrical stimul- 
ation of the vagi, and pepsin stagnates in the glands when the 
secretion of HCl declines. The stagnated pepsin is then washed 
out by the following secretion initiated by histamine. 

A similar experiment is seen in fig. 3. 10 y histamine per kg 
body weight and minute are administered. A moderate secretion 

8 — '/3213(J. Acta Scandinav. Vol. G. 
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of gastric juice is maintained. The peptic power successively 
declines. After this the vagi are electrically stimulated for 30 
minutes. A gastric juice very rich in pepsin is secreted. After the 
secretion has stopped histamine is injected again. The peptic 
power now remains high for about an hour, but then rapidly 
declines. 

These experiments do not favoiir the view that histamine 
stimulates the peptic glands. They seem to indicate that the peptic 
power of gastric juice secreted tinder histamine is dependent upon 
the pepsin content of the peptic glands at the beginning of the secre- 
tion. To investigate the possibility that the low peptic content 
of the histamine juice was not due to inhibitory influences of 
histamine, the following experiments were performed. 

The vagi were electrically stimulated for 60 minutes. The peptic 
activity of the gastric juice obtained was determined. After 30 
minutes’ rest histamine was administered. 60 minutes later 
when the secretion under histamine was continuing, the vagi 
were concomitantly stimulated. Fig. 4 shows such an experiment. 
Vagal stimulation gives a juice of high peptic activity. During 
the following histamine injection the peptic power falls to near 
zero. When stimulation of the vagi is repeated the pepsin content 
rapidly increases. The amounts of pepsin in the juice of the diffe- 
rent periods of vagal stimulation are practically the same. Ten 
experiments of this kind revealed no inhibitory effect of histamine 
on the peptic secretion folloiving electrical vagal stimulation. Hista- 
mine doses between 5 — 25 y per kg. body weight and minute 
were employed. 
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Discussion. 

Our experiments have shown; 

a) That slow intra't’-enous injection of histamine yields a gastric 
juice of high acidity but of low peptic activity. 

b) That the peptic activity continuously falls during the 
gastric secretion, and that there exists a reciprocal relationship 
between the rate of the HCl secretion and the peptic output. 
The greater the secretion of HCl, the more rapid the fall of 
digestive power. 

c) That augmenting the histamine dose does not influence the 
peptic output. The fall of digestive power continues. 

d) That in a "double histamine test” the second histamine 
dose yields a gastric juice practically pepsin free. If, however, 
a period of electrical stimulation of the vagi is interposed, the his- 
tamine juice again shows peptic activity. 

These results do not favour the view that histamine stimulates 
the peptic glands. They rather support the "washing out” theory, 
and indicate that the pepsin content of the gastric juice secreted 
after histamine is dependent on the amount of preformed pepsin 
in the glands. 

Our results thus agree with those of Babkin and Babkin and 
ViNEBERG, as also with those of Vineberg and Bowue. They are 
contrary to those of Bucher and Ivy, and Bucher, Ivy and 
Cray. Bucher and Ivy refer the lack of agreement between 
their results and those of other investigators to the fact that 
in earlier experiments no regard had been paid to the inactivation 
of pepsin at pH above 1.5 — 2, and that unreliable methods for 
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pepsin determination had been employed. In our experiments 
the pH of the gastric juice has not exceeded l.o, and like these 
authors we have used the hemoglobin method for determining 
the peptic power of the juice. The arguments of Bucher and 
Ivy are thus not applicable to our results. The divergence between 
our results and those of Bucher, Ivy and Gray may possibly 
be due to other factors. In an unanaesthetized dog a continuous 
basal secretion of pepsin is likely to occur. In their experiments 
Bucher, Ivy and Gray administered "submaximal histamine 
doses”. The secretion thus obtained is possibly not sufficient to 
"wash out” the pepsin continuously formed in the glands. 


Summary. 

Histamine does not stimulate the peptic glands of the cat’s 
gastric mucosa. 

Histamine does not inhibit the peptic secretion evoked by 
electrical stimulation of the vagi. 
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Komarov (19.38) reported the existence of a gastric secretory 
excitant in HCl-extracts from tlie pyloric mucosa of dogs. In 
experiments on dogs and cats Uvnas fl9i2, 1943) adduced strong 
evidence in favour of the view that a pyloric hormone plays a 
part in the physiological mechanism of the gastric secretion. 
The active agent is not histamine. As it was found in the protein- 
fraction of the extracts, it was supposed to be protein-like in 
nature. Further evidence supporting this idea, as far as we know, 
has not been brought forward. 


Experimental. 

The experiments were carried out on anaesthetized cats, the tech- 
nique devised b}’^ Uvxas (1943) being used. 

The vagi W’ere exposed in the neck and cut. The trachea W'as can- 
nulated and the oesophagus tied in the neck. The stomach was drained 
by a thin perforated rubber tube introduced into the stomach through 
a glass cannula inserted in the stomach wall just proximal to the py- 
loric region. The cannula Avith the rubber tube Avas pushed out through 
an incision in the left abdomen. The duodenum Avas ligated just prox- 
imal to Vater’s ampulla. After the abdominal Avail AA’^as closed the 
animal Avas placed on its left side, the front half of the body someAvhat 
higher to facilitate the outfloAV of the gastric juice. 

The extracts to be tested Avere suspended in Tyrode solution made 
slightly acid Avith X/10 HCl. An opalescent solution Avas obtained. 



118 


BOR.TE UVNAS. 


On testing extracts from cats an amount of dry substance corresponding 
to 2 — 5 gm of moist mucosa was suspended in 15 ml of Tyrode solution 
In testing extracts from pigs amounts corresponding to 5 — 10 gm mucosa 
were used. 

The extracts were injected intravenously in the iliac vein at a rate 
of 0.4 ml per kg body weight and minute. After 30 minutes the injec- 
tion was stopped and the secretion allowed to decline to the basal level 
before a new extract was tested. This was usually the case within 30 
minutes’ after the end of the injection. 

The secretory volume was measured in 15-minute periods. The 
secretion during the 60 minutes following the beginning of the injection 
was taken as a measure of the activity of the extracts. The total acidity 
of the gastric juice was determined color imetrically, phenolphtalein being 
used as indicator and N/IO NaOH as base. 

As remarked by Uvnas (1913) it was frequently seen that during 
the course of an experiment the secretory response to the extracts 
diminished. When testing several unknown extracts on the same ani- 
mal, it was therefore necessary now and then to interpose an extract 
of known activity. 

Preparation of extracts. The pyloric mucosa was removed, minced 
with scissors or ground in a mincing-machine, suspended in 10 volumes 
of N/10 HCl, and heated for 30 minutes at 100° C. in a water bath. 
The acid extract was then left in the refrigerator over night. Next 
morning, after centrifuging and filtering through cotton wool, the 
filtrate was neutralized with N NaOH to pH 4 — 5, and precipitated 
with an equal volume of 10 % trichloracetic acid. 1 — 2 hours later 
the precipitate was centrifuged off and washed 3 times with 40 — 50 
volumes of 10 % trichloracetic acid in saline, twice with 50 volumes 
of acetone, once with benzene, twice with ether, and dried at 37° C. 
The white powder obtained was then stored in the refrigerator. 


Results. 

Solubility. The active agent is soluble in Avater. The following 
observation indicates that the solubility is dependent on the 
pH of tbe solution. When neutralising the HCl-extracts beyond 
pH 4 — 5, a precipitate was formed. When resolved in N/10 
HCl this solution showed excitatory properties. Quantitative 
determinations were not carried out, but the observations made 
seem to indicate that the solubiUty of the active agent has a 
minimal value between pH 6 — 8. 

The excitatory factor is not soluble in ether, acetone, benzene, 
or absolute alcohol; and, contrary to the report of Koiuaeov, 
it also seems to be insoluble in 80 % ethyl alcohol. 

Stability. Stored in the refrigerator, the dry extracts still 
showed considerable activity after a year. Suspended in shghtly 
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acid, neutral, or slightly alkaline .saline at 20° C. the activity 
remained unaltered for at least 24 hours. As seen from the table, 
the agent is stable when heated for 30 minutes in N/10 HCl at 
100° C. Similar heating in N/10 NaOH, however, results in 
complete destruction. 

Action of enzymes: , 

Pepsin. An amount of extract was suspended in 15 ml of 
Tyrode solution at a pH of about 2, and treated for 30 minutes 
at 37° C. with ^2 ml of a commercial pepsin preparation. Control 
samples without pepsin were treated in the same way. As seen 
from the table, the active agent in all experiments was partiallj^ 
destroyed by pepsin. 

Duodenal juice. As a pure trypsin preparation was not available, 
the extracts were treated with duodenal juice, obtained from 
the cat^s duodenum after intravenous injection of 5 mg secretin.i 
15 ml of an extract was digested for 30 minutes by ^2 ml 
duodenal juice at a pH of about 8 and at a temperature of 37° C. 
As seen in the table, no activity remained after 30 minutes 
digestion. Probably the inactivation of the extracts was due to 
the trj^sin content of the duodenal juice. Control experiments 
without duodenal juice showed no diminution of the activity 
of the extracts. 

Action of idtravioht light. 

Hormones of protein nature such as secretin and insulin are 
inactivated by ultraviolet light (Agren 1934). We investigated 
the influence of ultraviolet light on the activity of our extracts 
in the following way. 15 ml of an extract solution in Tyrode 
was exposed to the radiation of a Hanau-quartz lamp at a dis- 
tance of 10 — 20 cm. The temperature of the solution during the 
experiment did not exceed 20° C., cooling being obtained by means 
of an air current. The table shows the considerable inactivation 
after 5 hours radiation. 

Dialysis. 15 ml of an extract solution Avas dialysed at 15° C. 
against 5 litres of saline, a cellophane membrane freely permeable 
to crystalloids but impermeable to hemoglobin being used. Most 
of the active agent passed through the cellophane membrane in 
18 hours. 


^ Pancreotest (Astra). 
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Table 1. 

The acliviiy of pyloric extracts. 


Extr. 

no. 



Secretory volume in ml 

Treatment 

after 

treatment 

control 

80 (from cat) . 



8.0 

7.7 

Extracts trated with N/10 

108 ( 


pig) • 



2.0 

3.3 

HGl at 100° C during 30 

115 ( 

i> 

cat) . 


• 

21.9 

14.1 

minutes. 

165A { 

» 

.) ) . 



,5.1 

4.2 


169A ( 

» 

» ) • 



6.2 

o... 

■ 

80 ( 


cat) . 


. 

0 

7.0 

Extracts treated with N/10 

115 ( 

D 

>' ) • 


• 

0 

7.7 

NaOH at 100° C during 30 

159 ( 

J> 

i> ) . 


. 

1.5 

25.3 

minutes. 

165A ( 

D 

» ) . 


. 

0 

4.2 


169A ( 

D 

» ) . 



0.4 

.5.5 


05 ( 

» 

pig) • 


. 

0 

2.1 

Extracts treated with pepsin 

80 ( 

)> 

cat) . 


. 

0 

8.4 

at 37° C during 30 minutes. 

108 ( 

» 

pig) • 



1.1 

3.3 


115 ( 

)> 

cat) . 


• 

2.:! 

9.5 


115 ( 

» 

cat) . 


. 

0 

24.1 

Extracts treated with duo- 

115 ( 


» ) • 



0 

9.5 

dcnal juice at 37° C during 

123 ( 

») 

i> ) . 


. 

0.3 

6.5 

30 minutes. 

115 { 

D 

» ) . 



1.9 

14.1 

Extracts treated with ultra- 

144 ( 

» 

■> j . 


. 

O.G 

8.9 

violet light during 30 min- 

152 ( 

» 

» ) . 



0 

10.0 

utes. 

159 ( 


» ) . 



0 

10. t 

- 

162 { 

» 

0 ) . 



0 

13.1 


05 ( 

J> 

pig) • 


• 

l.s 

8.0 

Extracts dialysed through j 

80 { 


cat) . 



4.9 

11.7 

cellophane during 18 hours. ; 

108 ( 


» ) . 


. 

1.2 

4.9 

; 


Precifitaiion. From the HCl-extract the active agent could be 
precipitated by 5 % trichloracetic acid, 1 — 2 % metaphosphoric 
acid, 20 % NaCI, and 5 volumes of acetone. 


Discussion. 

The gastric-secretory excitant of the pyloric mucosa is found 
in the protein fraction of HCl-extracts precipitated by trichlor- 
acetic acid, metaphosphoric acid, NaCl, and acetone. The active 
agent is destroyed by pepsin , trypsin (duodenal juice), and ultra- 
violet light. 

These facts indicate that the active substance is of protein 
nature. 
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The factor is stable when heated at 100° C., and thus is not 
a ferment. It passes through cellophane, indicating that it may 
be a relatively small molecule. 

Physiologically the secretory excitant causes the secretion of 
a gastric juice rich in HCl but of a low peptic activity( unpublished 
observations). 

The preparations now available are too crude to permit valid 
conclusions about the chemical nature of the active agent. In 
the intestinal canal, however, we already know one hormone, 
secretin, which chemically as well as physiologically shows great 
similarities with our gastric secretory excitant. Like the gastric 
excitant secretin is destroyed by pepsin, trypsin, and ultraviolet 
light (Bayliss and Starring 1902, Mellanhy and Hugget 1926, 
Agren 1934). It is relativel}’’ stable in weak acids and alkalis 
(Bayliss and Starling, Mellanry and Hugget, Agren), and 
dial)’’ses through parchment paper (Bayliss and Starling). 

According to Mellanby and Hugget (1926) and to Lagerlop 
(1942) secretin selectively stimulates the pancreatic cells to pro- 
duce a copious flow of sodium bicarbonate solution. The secretion 
of the pancreatic enz^nnes is considered to be under the control 
of the vagus nerves. In this respect secretin resembles the 
pyloric factor which stimulates the gastric glands to produce a 
copious flow of a HCl-solution of low enzyme content. 

The facts available about the chemical and physiological pro- 
perties of the gastric-secretory excitant of the pyloric mucosa 
thus make it possible that it is a substance chemically related to 
secretin. According to Agren this is a protein-like substance 
with a molecular weight of about 5,000. 


Summary. 

The gastric-secretory excitant from the pyloric mucosa shows 
the following chemical porperties: — 

It is soluble in water. The solubility varies with the pH. 

It is insoluble in ether, acetone, benzene, and absolute and 80 
% ethyl alcohol. 

It is stable in weak acid and alkaline solutions. It resists 
heating in N/10 HCl at 100° C. but is destroyed when heated in 
N/10 NaOH to this temperature. 
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It is inactivated by pepsin, trypsin (duodenal juice), and ul- 
traviolet light.- 

It dialyses through cellophane. 

It is jirecipitated by trichloracetic acid, metaphosphoric acid, 
NaCl, and acetone. 
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Correlation between Changes in Cross Striation 
and Mechanical Tension in Striated Muscle 
Fibre and their Structural Interpretation. 

By 

FRITZ BUCHTHAL and G. G. KNAPPEIS. 

Received 17 May 1943. 


An analysis of the structural changes corresponding to the 
mechanical reactions of the cross striated muscle fibre, is a link 
in the effort of understanding the process of contraction. 

The aim of the present work is to correlate the changes in 
length of the anisotropic (A) and the isotropic (I) substance du- 
ring isometric contraction, with the mechanical tension produced 
by the fibre. 

Previous investigations (insect muscles, Hurthle, 1909, frog 
muscles, Buchthal, Knappeis and Lindhard, 1936), have 
shown that a marked change is found in the proportion between 
the anisotropic and the isotropic substance at rest and during 
contraction, but the time course of the change and its relation to 
the extent of the tension developed have hitherto not been in- 
vestigated. 

In a preceding investigation (Buchthal and Knappeis 1943), 
simultaneous microcinematography of two points of the fibre 
revealed a phase difference in the course of the changes in cross 
striation, indicating a propagation of these changes at a rate of 
0.3 m/sec (20° C.). Further, a characteristic time course for the 
changes in cross striation of the single fibre element (compart- 
ment), was found. 

In the present work, a quantitative examination of the changes 
in cross striation is carried out simultaneously with the registra- 
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tion of mechanical tension as a function of time, at different 
strengths of stimulation and different degrees of stretch. 

It seems reasonable to exjject that a grading in tlie changes in 
cross striation corresponds to a gradation of the contraction ten- 
sion developed. It may, liowever, already be stated here that the 
results found are not in agreement with this supposition. 


Method. 


1. Preparation. 


The experimcut.s are performed on .single fibres of m. semitendinosus 
(Hana e.sculenta and Eana temporaria), which are prepared under the 
microscope from tendon to tendon in an ice-cooled Ringer solution. 
The frogs arc curarised by an injection of 0.5y/g Curarinc, the effect 




VO 


*20 


200mm 


Fig. 1. Condenser Myograph. (1) micro-tweezer for attachment of one tendon 
end of the muscle fibre. (2a) and (2b) spring plates to hold (1) in place, (cf. detail 
in Fig. la). (3) aluminised mica membrane, (■!) condenser plate, distance from 
(3) being variable. (5) electrode which produces an electric field between (5) and 
(2a) for mechanical calibration. 


being controlled by stimulation of the sciatic nerve. The pH of the 
Ringer solution, after a stream of 99 per cent 0. and 1 per cent COj 
has been passed through it for 5 minutes, is 7.3 — 7.4, and the pH value 
throughout the experiment does not vary. 

To ensure a suitable colloid-osmotic pressure, the Ringer solution 
contains, besides salts and glucose, 6 per cent dialysed Gum. arable, 
or 1.35 per cent Poly viol Am. 

The fibre is fastened by its tendon ends to two micro-tweezers (Fig. 
1 (1) — the other tweezer is not included in the diagram), and is placed 
in a chamber filled with Ringer solution, which is closed with a cover 
glass so that, throughout the experiment, it lies in Ringer solution 
(temperature 18 — 20° C.). 
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2. Stimulation. 

The stimulation is led to the fibre from a thyratron generator over 
the two stainless steel tweezers. The stimulus is a rectangular current 
pulse, the intensity of which can be varied at will, and the duration of 
the stimulus is 1 ins. The moment of stimulation is marked on the film 
by means of an electrostatic oscillograph connected with the stimula- 
tion device. 

In a series of experiments where the tension, initiated by local 
stimulation of one end of the fibre, is compared with that resulting from 
a lengthwise stimulation of the whole fibre, micro-electrodes and a 
micro-manipulator are used. 


3. Tension Registration. 

The changes in cross striation are registered microcinematographically 
by an arrangement fully described in a previous paper (1943). The 
mechanical tension is recorded as changes in capacity, and the arrange- 
ment corresponds in principle, to that of the myograph formerly de- 
scribed (Buchthal 1942). The tension arising from stretch and con- 
traction displaces one movable plate of a condenser. The arrangement 
previously used proved unsuitable for the present purposes, because of 
its high sensitivity to mechanical vibration, caused mainly by dynamic 
forces originating from the synchronous motor which drives the rotat- 
ing disc ((5) Fig. 2). It was, therefore, necessary to construct a measuring 
device, which, with the same stiffness, had considerably less mass in 
the movable system. Fig. 1 shows the condenser arrangement in sec- 
tion. The fibre tension is transferred to an aluminised mica plate (3), 
which is hereby subjected to elastic deformations by which its distance 
from an amber-isolated adjustable plate is varied and the desired change 
in capacity obtained. The tweezer is held in place by two spring plates 
(2a and 2b). Fig. 1 a shows these spring plates which ensure an axial 
movement of the tweezers. When working the tweezers, the spring 
plates and mica membrane are protected by a clamp. Opposite the 
spring plates (2a), an electrode (5) is placed in amber-isolation. When 
electric tension is laid upon it, an electric field arises between the elec- 
trode and the spring plate. The mechanical tension produced hereby is 
calibrated once and for all with a spring balance and the tension pro- 
duced by the electric field on (5), is used in the experiment as mechani- 
cal calibration. 

The variations in capacity are led via a shielded cable of a low and 
constant capacity (Buchthal and Warburg 1943) to a high frequency 
arrangement described elsewhere (Buchthal 1942). 

The resonance frequency of the condenser arrangement amounts to 
700 — 800 vibrations per second, and the frequency curve is well suited 
to the purpose. Over the range of frequency in question for the registra- 
tion of single contractions (10 — 100 cycles/sec), a distortion by mass oi 
damping of the system is of no importance. 
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Fig. 2. Arrangement for microcinemalographing cross slrialion and for recording 
tension. (1) •water-cooled super liigli-pressure mercury lamp (PJnTips “Philora” 
sp. 500, brightness 33,000 Stilb, luminoxis flux 15,000 lumen); (2) -water-cooled 
collector, (2 lenses of 20 dioptr.); (3) cooling trough; (4) collecting lens; (5) rotating 
disc -with 2 slits, 3,000 rev./min. corresponding to 100 pictures/sec, (6) collecting 
lens; (7) microscope condenser; (8) microscope stage ■with condenser mj’Ograph 
and muscle chamber; (9) microscope objective (Zeiss Epi 40 X, N- A. 0.G5); 
(10) projection eyepiece 9 X; (11) fall camera; (12) totallj'- reflecting prism for the 
projection of the course of mechanical tension and the base line with stimulation 
marking on the film; (13) electrostatic oscillograph for tension recording. 


In a higli frequency circuit, the changes in capacity are transformed 
to electric tension ■which is amplified in a direct current amplifier, and 
registered by an electrostatic oscillograph (Fig. 2 (13)), the oscillations 
of which are projected through a totally reflecting prism (Fig. 2 (12), 
on the film strip. The indication of the stimulus is recorded in a .simi- 
lar manner, but the oscillograph used for it is omitted in Fig. 2. 


4. Microcmematographic Begistration. 

The changes in cross striation and the mechanical tension are re- 
corded on the same film strip and the optical arrangement is seen in 
Fig. 2. The light from a water-cooled high-pressure mercury lamp is 
collected by a system of water-cooled lenses (2, 3, 4) on the condenser (7) 
of the microscope. (9, 10.) The rotating disc allows the light to pass 
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with a frequency of 100 pictures/sec and an exposure of O.i ms. For 
photographic recording a fall camera is used. Rate of fall 1 m/sec. 

The exposure should not exceed c. 5 ms, and it is necessary that the 
cross striation runs with the direction of movement of the film. The 
finite time of exposure causes a certain blurring of the photograph, 
whereby its evaluation wonld become impossible if it occurred across 
the cross striation. It is, however, of no importance for measuring A 
and I when the cross striation lies in the direction of movement of the 
film, as is the case when the fibre is placed horizontally between the 
tweezers on the movable stage of the microscope. 

The stimulation is released by the falling film. Fig. 3 shows a film 
strip thus registered with a series of microphotographs (a), the mutual 


b 

c 


a 



Fig. 3. Film strip with a) microphotographs of the muscle fibre, (b) simulta- 
neously recorded mechanical tension, (c) base line with stimulation marking. 


time distance of which is 10 ms, and thesimultaneously recorded mechan- 
ical tension (b), whith the zero line (c), and the marking of the stimulus. 
To indicate clearly the moment of stimulation, the duration of the 
marking, not that of the stimulus itself, is increased by inserting a con- 
denser. 

The film strips used in the fall camera are about 30 cm long and two 
strips of normal cinematographic film are glued together (negative 
material: Agfa Tone, negative film "Special”). The distance from the 
eye-piece to the film is 5 cm and the single microphotograph reduced 
by a rectangular diaphragm to a size 10 X 20 mm. Thirty micro- 
photographs and the mechanical tension are recorded on one film 
strip. 


5. Measurement of the Negatives. 

The microphotographs are measured on the negative under the 
microscope with an eye-piece micrometer with movable cobweb having 
a magnification of 12.5 times. The total magnification thus amounts 
to 900 X. To obtain the height of compartment, the length of 10 
successive compartments is measured. Furthermore, 10 measurements 
of the A and I substance are performed on each negative. 

The course of the mechanical tension is determined under a mea- 
suring microscope -with movable body tube. 
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Results. 

1. Changes in Cross Striation during Contraction as 
Function of Time. 


The course of the changes in the anisotropic and the isotropic 

A 


substances during an isometric twitch expressed by 


A+I 


as a 


function of time, is seen in Fig. 4. A's part in the height of compart- 
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50 


m 

time in ms. 


Fig. 4. Mean curve shoving the variation of cross striation expressed by 
Ordinate: 100 X abscissa: Time ms. 

4 a Synthesis for determining the probable initial course of the curve 

the supposed course mean of these curves corresponding to the curve 

in Fig. 4. 


ment varies from 63.5 per cent at rest, to 56.0 per cent during 
contraction, after which it returns to the original value. The error 
in measurement for a single determination, amounts to 0.6 per 
cent of the height of compartment. The maximal change in 


A 

A+I 


occurs (at about 20° C.) 50 ms after the last resting point, 


and the return to the original value takes a further 50 ms. The 
curve in Fig. 4 represents a mean of all the experiments which 
are synchronised in reference to the last resting point. As a pic- 
ture is recorded every tenth millisecond, and, as a higher picture 
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frequency ivas difficult to obtain, tbe probability of an exposure 
of tbe actual point of inclination is small. It is, therefore, not 
permissible to connect the last rest determination with the first 
point recorded dming contraction, as we do not know how long 
rest continues in the 10 ms which elapse between the last resting 
point and the first recorded under contraction. 

The synchronisation of the curve involves a maximal error of 
about 5 ms (it cannot, for example, be 6 ms, as the synchronisa- 
tion in such a case would change 10 ms). The transition from rest 
to contraction is rounded, due to the spread of the synchronisa- 
tion. The mean curve found, may, as we do not consider the error 


A 

“flTi 


in this connection, be regarded as that of a system of 


congruent curves with a common level of origin, evenly distri- 
buted over a maximal time distance of 10 ms. To discover the real 
time course in the interval between rest and the first determina- 
tion during contraction, the shape of the curve must be found, 
which, with the stated error in time, gives, when smoothed, the 
closest approximation to the mean curve for the time course of 


A 

aTi‘ 

A 


A-hl 


The dotted lines in Fig. 4 a show the assumed course of 
as a function of time. The continuous curve is their mean, 


which is found to correspond to the gradient of Curve 4. The 


actual course of 


A 

A^ 


as a function of time, must, after this. 


be regarded as being steeper immediately after the last point 
of rest than during the remainder of the fall to the minimum, and 
must, in its gradient, correspond to the assumed basic curve. The 
result of the synthesis shows that the changes in cross striations 
begin 3 — 4 ms later than a direct connection of the determined 
points indicates. 

This correction is not only warranted, but necessary, as the 


latent periods for the change in 


A 

X+I’ 


in spite of a certain propaga- 


tion time included in the latent period, have, in many cases, a 
negative value when the uncorrected curve is used as a basis for 
these determinations. A corresponding correction applies to the 
apex of the curve and to the transition from contraction to rest, 
but here the correction is of no practical importance. As regards 


9 — i32126. Ada phys. Scandinav, Vol. G. 
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the apex, the result shows that it lies about 0.5 per cent higher. 
For the transition from contraction to rest, the correction would 
mean a sharper inclination than the directly connected points 
indicate, but the correction is less than that at the beginning 
of the curve, because this part of the time course is more 
rounded. 

The course of the fall and rise .shows a striking conformity in 
spite of the essential differences between the simultaneously 
recorded tension increase and its relaxation. The change in length 

A . 

of j is apparently unaffected by viscosity — a factor which 
is discussed in more detail (p. 139). 


2. Influence of Stretch oa the Time Course of 

Contraction. 


A +I 


during 


The course of ^ at different degrees of stretch (length 

100 — 140) as a function of time is represented in a three-dimen- 
sional co-ordinate system in Fig. 6. The time for the change is 
100 ms for all degrees of stretch examined, i. e. is independent of 
the elongation. The duration of the fall and rise is also indepen- 

A A 

dent of the degree of stretch. The change (rest) — 

(contraction) is, as in tetanic contraction, (Buchthal, Knappeis 
and Lindhaud 1936, Buchthal 1942), independent of stretch. 

On the other hand, ^ at rest is somewhat dependent on the 

degree of stretch, as A’s part in the height of compartment in 
per cent enlarges with an increasing degree of stretch. This, is 
caused by a slight difference in the elasticity moduli of A and I. 
It may be mentioned that different experimental series showed 

. A ' 

slight differences in the changes of the quotient (rest), by 

elongation (Buchthal, Knappeis and Lendhabd 1936, Buch- 
thal 1942, and the present material). The tendency in the different 
materials, however, is the same. 
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A 

Ordinate: 100 X j . 

Abscissa I: Time in ms. 

Abscissa H: Elongation in per cent. 


3. Simultaneous Recording of Cross Striation and Tension. 


Fig. 6 shows ^ j as a function of time with simultaneous 

recording of tension after maximal stimulation. The minimum 

A 

in the quotient j comes 50 ms after the last resting point, 


while the top tension is reached 70 ms after this point. 100 ms 
after the last resting point, the change in the cross striation has 
returned to its original value, while the mechanical extra-tension 
is still about 86 per cent of the top tension. After a lapse of 150 ms, 
the tension in the experiment under consideration (the mean 
curve of 5 experiments), has fallen to half the top tension. Further- 
more, on account of the propagation, the beginning of the change 
of the cross striation is recorded later than the mechanical ten- 
sion, as the tension already begins to develop when the fibre 
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time m ms. 

Fig. 6. Changes in the cross striation and tension as function of time in isometric 

single contraction, 
above: change in cross striation. 

Ordinate: 100 X ^ 

below: mechanical tension, 

Ordinate: extra-tension of fibre in per cent of the maximal extra-tension. 
Abscissa: time in ms, temp. 18°. 

X — X — X — mean curve of the non-fatigued fibre at maximal stimulation, 
o — o — o — mean curve of fatigued fibre at maximal stimulation. 


elements contract at the point of stimulation, 1711116 a change in 
the cross striation is first ascertained when the wave of excitation 
passes the point of measurement on the fibre. The point of mea- 

A 

surement for the changes in lengths of ^ ^ cannot, for technical 

reasons, coincide with the point of stimulation. The delay of the 
maximum of the extra tension has various causes: 

1. The propagation — the influence of which is dealt with in 
a previous communication (Buchthal, and Knappeis 1943), 
and 

2. The contraction remainder or viscosity of the fibre, which 
must be equallv distributed over A and I as it is not visible in 

A 

the quotient 
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In a later section we shall attempt a closer analysis of these 
factors (cf. p. 139). 

Fig. 6 contains further, a record of the mechanical tension after 
maximal stimulation of the same fibre during fatigue. The peak 
tension is about 40 per cent lower, but otherwise the course corres- 
ponds to the non-fatigued fibre. 

A 

The quotient can here during reduced contraction, show 

a smaller change than in the non-fatigued fibre, but the de\uation 
is not regular, and amounts to from 0 — 0.5 per cent of the height 
of compartment. 


4. The Cross Striation and Tension at varying Strengths of 

Stimulation. 

In agreement with Gelfan and Gerard (1930), Gelfan 
(1934), Asmussen (1934), and Brown and »Sichel (1936), and in 
contra-distinction to Steiman (1937), we find no “all or none” 
reaction in the directly stimulated fibre. Direct stimulation of 
isolated curarised fibres with increasing strength of stimulation 
produces graded contractions propagated over the entire length 
of the fibre. Fig. 7 shows the extra-tension at different strengths 
of stimulation which varies in the ratio 1 : 3. One would expect 
that this considerable gradation would be reflected in a measur- 

A 

able degree in the quotient ^ At the weaker contraction, an 

A 

essentially smaller change in compared with that during 

maximal contraction could be expected. The experiments show, 

A . . 

however, that the quotient ^ within the present limits of 

accuracy, does not reveal real differences. 

For measurements taken at the same time interval, differences 
of 0.3 — 0.5 per cent of A -f I are found in the different curves, 
differences which do not exceed the standard de^^ation. Also, 
as can be expected, deviations in the position of the individual 
points with reference to the mean curve are not beyond the 
limit of error. Furthermore, the gradients of the individual 
curves were examined in the different regions, without finding a 
real difference, in spite of the greater measuring accuracy. 



134 


FRITZ BUCHTHAL AND G. G. KNAPPEIS. 



a SO m iSO 

time in ms. 


Fig> 7. Changes in cross striation and tension as function of time for isometric 
twtches at different strength of stimulation. 

above: change in cross striation. 

A. 

Ordinate: 100 X 

below: mechanical tension. 

Ordinate: fibre tension in per cent of the maximal extra-tension. 

Abscissa: time in ms. 

. — . — . — approx, threshold stimulus (a). 

-| 1 1 1.5 X a, 

X — X — X — 6Xa. 

From this may he conclxided that a gradation of 

elongations examined {length 100 — 145), if present at all, is, in any 
case, heloiu 1 per cent of A +1, while the extra-tension varies simul- 
taneously in the ratio 1 : 3. 

Discussion. 

The results found — that the changes in length in the aniso- 
tropic and isotropic substance during isometric contraction up 
to 60 per cent of stretch, are independent of the degree of tension 
developed — necessitate a more detailed account of how the con- 
traction process is reflected in tension, as well as in the changes 
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in structure. Even if the gradation in the contraction of the direct- 
ly stimulated fibre is of no immediate importance for the physio- 
logical activity of the fibre, as the innervated fibre has an “all 
or none” reaction (Keith Lucas, 1905, Asmussbn, 1934), an 
analysis of gradation in the directly stimulated fibre may con- 
tribute towards an understanding of the contraction processes. 

What ‘possibilities exist for the gradation of contraction in the 
fibre? 

a) The number of compartments in contraction varies. 

b) The contraction is distributed equally over all compartments, 
but the number of contracting rods per compartment varies 
with the degree of stimulation. 

c) All the rods participate equally in the contraction, but the 
number of their active micellse varies with the degree of con- 
traction. 

d) AU the micellae take part in the contraction, but the number 
of their molecule aggregates which participate, varies with 
the gradation of contraction, or all the molecule aggregates are 
equally active during contraction, but the number of their 
single molecule threads, participating in the contraction, 
varies with the degree of contraction. 

e) All the molecules are equally active during contraction, and 
the grading takes place in the single molecule threads. 

a) A grading of the number of contracting compartments 
corresponds to local contractions. These appear when applying 
microelectrodes and weak stimuli (Gelfan, 3930, Buchthal 
and Peterfi, 1934) but, with the present technique of stimu- 
lation, the entire fibre has shown the stated characteristic changes 
in cross striation. 

In a series of preliminary experiments, we have compared the 
tension developed at different strengths of stimulation, when sti- 
mulating the one end of the fibre (about 5 per cent of the total 
length), vuth a stimulation that takes place so that there is a 
potential gradient along the entire fibre. Both methods of stimu- 
lation residt in the same tension developed, and the gradation is 
‘practically identical. In accordance with the changes in cross 
striation, this indicates that contraction is propagated over the 
entire fibre, and that no decrement of importance is found with 
the spread of locally released contractions. We must, therefore, 
conclude that the intensity of the propagated 'wave of contraction 
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varies with the strength of the stimvlns and progresses over the whole 
Hbre ^vithout decrement. 

A combination of propagation and grading is somewhat sur- 
prising when viewed in the light of experiences from nerve physio- 
logy, as the analogy here claims that the contraction wave, after 
release, will either lose its intensity as “local potentials” at sub- 
threshold stimulation, or, with stimuli above the threshold, 
approach a definite limiting value. Thus, in the muscle fibre, tve 
have a combination of propagation and gradation — a more detailed 
analysis of which mechanism will be attempted later, h'lu'ther- 
more, the propagation experiments have shown that the changes 


A 

aTi 


are propagated without decrement over the entire length 


of the fibre. 

In so far as investigation of the mechanical and structural 
properties can give information, the contraction progresses homo- 
geneously over the fibre. 

b) The next possibility, that the number of contracted rods 
{micelle bundles) in the individual compartment is graded, cannot 
be immediately dismissed. Such a mechansim of gradation would 
however involve a deformation of the basal membranes, or result 
in a more irregular transition between the A and I substance 
during weak contractions, than when at rest or when maximally 
contracted. Displacements in the cross striations, as they can 
occur during contraction at extreme degrees of stretch, are indi- 
cations of an inhomogeneous distribution of contraction. But 
this is only an exception. There is no microscopically visible 
sign of inhomogeneous distribution of contractile elements in the 
compartment of the normal fibre. 

c) There is, therefore, reason to assume that all the rods partic- 
ipate equally in the contraction, and that grading occurs ^vithin 
the single rod. 

With reference to d) and e), we lack, at present, means of a 
direct differentiation. The length of the anisotropic and the iso- 
tropic substance is determined by their equilibrium lengths, and 


their stiffnesses. The fact that 


-7—,-=. is identical for differentde- 
A-fl 


grees of contraction indicates a mutual relation between the 
change in stiffness and the change in equilibrium length in the A 
and I substance of the contracting fibre. If grading took place 
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evenly in all tlie molecules, {'possibility e), one would have to 
assume that A and I molecules followed the same mutual relation 
regarding stiffness and equilibrium length exactly compensating 
the changes in length. Such a dependence may exist, but seems 
rather improbable. 

If, on the other hand, an “all or none” reaction in the micelhe 
or the molecule threads (d and e), is assumed, the experimental 
facts can be explained in a simple manner. Presupposing an "all 
or 7ione” reaction of the inicellc^- or onolecule threads, horn is the 



Fis- S. Diagram of a fibril within the muscle compartment (A rod + I rod) 
a) rest, b) maximal contraction, o) submaximal contraction, where the contracting 
and the non-contracting substances are considered separated by means of a 

vertical plane. 


length of the aiiisolropic and isotropic substance affected by graded 
C071 tractions? 

During sub-maximal contraction, we shall find contracted and 
non-contracted elements of the same length lying beside each other, 
equally distributed throughout the rods. During niaxwial contrac- 
tion, A s part in the height of compartment is determined by the 
shortening of A and the change in stiffness in A and I. During 
sub-maximal contraction, the length of A and I is dependent 
mainly on the contracted elements; the resting elements, due to 
their slighter stiffness, following passively the movements of the 
contracted elements. In the range of stretch examined (length 
100 — 150), the stiffness at rest is from 6 — 20 times less than the 
stiffness during contraction referring to the same fibre length 
(unpublished experiments with single contractions). From this 
point of view, we shall now try to analyse quantitatively the 


influence of the resting substance upon the quotient 


A 

A+I 


during 


sub-maximal contraction. 
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Fig. 8 a shows a compartment element (a fibril consisting of 
A + 1 rods) at rest. Fig. 8 b, a compartment element during maxi- 
mal contraction, and Fig. 8 c, a compartment element in sub- 
maximal contraction, the contracted and non-contracted substan- 
ces being represented as separated from each other by a vertical 
plane. For the one half of the diagram (8c), the resulting quotient 


A 

A-fl 


is determined by that known from maximal contraction, 


and for the other half by that known for the resting fibre. When 
the two halves are coupled together a tension arises between them, 
and the contracted A substance will be slightly elongated by the 
resting elements, while the softer resting A substance will be 
somewhat shortened through the contracting elements. An intrin- 
sic tension (Tj), is thus produced between the two halves, 
which is expressed by the equation; 


A A 

-^rest -^contruction [i \ 

’^■ = 1 i~~’ • : '' 

St. + St, 

where Sto and Stj, are stiffness referring to the change in length 
of the transitory regions between the A and I substance, for the 
contracting and resting elements respectively. 


Further: 


and 


| = AX. ........ . . (2) 

■■■■(» 


where A is the deformation of the contracting substance 
caused by stiffness in the resting substance, and A Xr the defor- 
mation of the resting substance caused by stiffness in the con- 
tracting substance. 


From (2) and (3) we get: 

A X, 


St, 


A Xf Stj 


= G. 


(4) 


Str . 1 

For maximal contraction (Gmax) ^ termed j. 
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Then stiffness of the contracting substance becomes: 



and stiffness of the resting substance: 

( 0 ) 

where C denotes the part of the contracting elements in the fibril 
in per cent, and a, a proportional factor. 

Thus: 

Str 100— C 1 

sT: = C" X ^ = G (7) 

Zl Xj, + A Xr corresponds to the difference between the length 
of A at rest and A during contraction, and amounts to at most 
6.5 per cent of A-j-I in the fibres investigated. 

Therefore: 

A X, + A X, = 6.5 % (8) 

Prom (8) and (4) we find: 

6.5 

AX, = J-. (9) 

'+G 

Prom these equations for G and A Xc f being valued at 10 (fibre 
length 130), we find A X,, for different degrees of contraction 
(G in per cent of maximal contraction). The calculated changes 
A 

in ^ j caused by the shunting resting substance, expressed in 

per cent of the height of compartment (A X^) corresponding to 
different degrees of contraction from 0 — 100 per cent, are repre- 
sented in the following table: 

Table I. 

0 (rest) 6.5 per cent 

25 1.5 » » 

33 . . ■ 1.1 » » 

50 0.6 » » 

’ib 0.2 » » 

100 (maximal contraction) 0 » » 
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For the degrees of stretch investigated (length 100 — 150), where 
f is larger than, or equal to 10, we cannot expect to find in so far 
as the present considerations hold good, that gradation in ten- 


A 

sion is accompanied by measurable differences in t— >• It can 

A “}-I 

be seen from the table, that for a stimulus that initiates a con- 
traction tension amounting to 33 per cent of the maximum. 
A . 

j deviates only 1 per cent from the quotient during maximum 


contraction. On the other hand, at higher stretches Avhere the rest- 
ing stiffness, on account of tension, approximates the contraction 
stiffness (f decreases and approaches 1) a measurable grading in 


A 

A+I 


may be expected. To control the quantitative 


accuracy 


of these considerations, we have performed a number of experi- 
ments on fibres with higher original tensions at rest, and find — 
for example for a length of 170 — an appreciable difference in 


A j. 

the change of evoked by threshold and by maximal stimuli 
respectivel5^ 

stiffness contraction 

(f) in the mean, amounts 


At length 170 

° stiffness 


rest 


to 2.5 (unpublished experiments). From (7) and (9), this gives a 
A 

gradation in j (X^) of 2.3 ±0.3 per cent between maximal 


and 33 per cent contraction. Experimentally, a difference of 
approximately 1.5 per cent is found, while up to length 140 no 


measurable difference in 


A+r 


can be detected. If there is a diffe- 


rence, it does not exceed 0.5 per cent. Although the difference 
found experimentally amounts to only 2/3 of that calculated, 
the fact that a measurable gradation exists at high elongations, and 
a low, or immeasurable, at small degrees of stretch, indicates that 
the interpretation given is correct. Quantitative conformity would 
be brought about by assuming f to be about twice its size. In this 
connection, it may be considered that the measured f applies to 

A ^ -rr 

the total fibre, and not only to f in ^ If there were a stiffness 
shunting the compartment, and not involved in contraction, the 
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difference between measured and calculated values could be 
explained by assuming that the stiffness of this shunt equals 
approximately that of A and I at rest. We have previously dis- 
cussed the role of the sarcolemma in the resulting stiffness of the 
fibre (Buchthal, 1942), and it is improbable that it plays an essen- 
tial part in this shunt stiffness. The present experimental material 
allows no deeper investigation of this problem. 

A 

Apart from the problems connected with the change of ^ 


in graded contractions, it is striking that the mechanical tension 
of the fibre can be quite appreciable, and amount to as much as 
70 per cent of the peak tension, after the change in cross striation 
has apparently returned to its original value. This is due, either 
to a viscosity or a contraction remainder which is distributed over 


A and I in such a way, that j does not differ essentially from 


its resting value. 

An explanation of the delay in the relaxation of tension by 
viscosity due to shunt or series viscosity respectively, can prob- 
ably be excluded. Concerning the shunt viscosity over the com- 
partment, this cannot assert itself in the isometricaHy contracted 
fibre, as the length of the fibre remains constant. As far as a vis- 
cosity in series is concerned, one would expect that the tension 


would decrease towards zero before 


A 

A+I 


reaches its resting value. 


as this t}q)e of viscosity would tend to increase the equilibrium 
length of the compartment. A transport of fluid between- different 
parts of the compartment which could explain the phenomenon 
is quantitatively of minor importance as has been shown by 
previous experiments (Buchthal 1942). 

We have left the assumption that the tension remaining results 


from an unfinished contraction process, in spite of ^ ^ having 

reached its original value. The rate with which the contraction 
tension disappears is dependent on the start velocity of the resti- 
tution process. If we assume that the contraction process in I 
disappears more slowly than that in A, the latter will be stretched 
by the I substance still being in stronger activity (increase in 
stiffness in I). The course of tension in single contractions at 
different degrees of stretch supports this interpretation. At high 
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Fig. 9. Change in the cross striation as a function of time, maximal stimuli. 
A . , 

Ordinate; 100 X j . 

Abscissa: time in ms. 

. — . — . — isometric single contractions. 

X — X — X — isometric tetanus. 


elongations, the main part of tension lasts longer than in the un- 
stretched fibre. As I’s part in contraction enlarges with increas- 
ing stretch, h’s influence upon the time course of contraction 
will increase correspondingly (cf. length-tension diagrams of 
A and I, Buchthal 1942). 

It may be of interest in this connection to mention a com- 
parison between single contraction and the building up of the 
tetanic contraction (Kg. 9). In tetanic contraction, a maximum 


in the change of 


A 

A+I 


is found 10 ms before the stationary value 


in cross striation is reached (the stationary value of tension is 
reached long after). This observation could indicate that the con- 
traction in A develops 10 — ^20 ms more quickly than the contrac- 

. A 

tion in I. Therefore I reaches its maximum later, and 

in its increasing phase, exceed the stationary value. Naturally 
this phenomenon cannot be observed in single contraction, as a 
comparison with a stationary value is lacking. 
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A 

Thus, 100 ms after stimulation, ^ has reached its original 

value, in spite of the fact that the tension — still present 

implies that the contraction cannot be finished. That cross stria- 
lion has apparently reached its resting value is explained by a com- 
pensation of A’s tendency to shorten through the relatively greater 
activity of I in the last phase of contraction. This compensation is 
seldom complete, as the quotient in the last 
phase of the contraction can lie over or nnder 
the original value. 

On the basis of the previously described 
molecule model (Buchthal 1942), and the 
present considerations, we shall sum up the 
assumed action of the contraction mechanism 
in connection with grading. The simplest 
molecule equivalent is represented by a 
spiral structure with an unequal series of 
charges (e. g. 3) Fig. 10. By means of a local 
change in the electric charge of a dipole ele- 
ment in the molecule chain a contraction 
process may be released. Initiating the con- 
traction between two opposite dipoles, a 
charge causing a local contraction is released, 
which in turn releases a charge (hereafter termed "stimulation 
quantum”), and the contraction is hereby propagated until 
the distance between the dipoles is so considerable, that the 
contraction cannot continue. One part of the molecule is now 
resting, the other in contraction. The progress of the charge 
vdll cease after this, and, at the first opportunity (arising from 
thermal movments), it will jump to a neighbouring resting 
chain, where the same process is repeated (Fig. 11). Fig. 11 a 
shows the molecule aggregate at rest, and 11 b, the molecule 
aggregate while the charge is on the way in the contracting 
molecule. The grading of contraction for the whole fiber is, 
therefore, determined by the energy conveyed by the stimulus, 
or, in other words, by the number of “stimulation quanta 
which are propagated over the fibre. The number of sti- 
mulation quanta increases with the strength of stimulus, as does 
the number of contracting molecules, but not their degree of 
contraction. 

The rate of propagation over the single molecule thread is likely 


a c 6 

' i I 
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1 

1 1 


Fig. 10. Jloleoukr 
chain wth 3 series 
of charges (a, b, c). 
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to be very considerable. Tlie delay is probably determined by 
the speed with which the stimulation quanta exchange between 
the single threads of the molecule aggregate, and thus the rate 
of propagation can become measurable. 

The proportion of contracted and non-contracted substance 
within the individual molecule threads is determined by their 
degree of stretch. When this is very slight, the whole thread will 
contract (e. g. in a tensionless contraction); when the degree of 

-^WWVVWWV' — VsAAAAAAAAAa- 
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> ^ 
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Fig. 11. Transport of a “stimulation quantum” over a molecule aggregate, 
a) molecule threads at rest, b) molecule threads in contraction wlnle the charge 
is under way. Course of stimulation quantum marked with arrows. 


stretch is moderate, the thread will contract until the distance 
between the resting elements is so great that the process cannot 
be propagated. When the elongation is extreme, the distance 
between the resting elements is too great for the propagation to 
be initiated. Thus there are two ways of regulating the degree of 
contraction of the fibre — 1) when the stimulus is graded, the 
number of contracting elements will be varied {the resting substance 
shunts the contracted substa7ice) and 2) when the degree of stretch 
is varied, the proportion between the contracted and the non- 
contracted substance in the single elements will be varied, (resltng 
substance in series with contracting ubstance). Additional factors, 
such as yielding and locking, concerning tetanic contraction are 
not discussed in this connection. 

In this equivalent picture for the contraction mechanism, we 
have not considered a possible fundamental difference in structure 
or reaction of the anisotropic and isotropic, substance. 
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It was shown, in a previous investigation that I takes an active 
part in the contraction process (Buchthal 1942) and has not 
only a "nutritive” function (Caspersson and Thorell 1942). 
Length-tension diagrams and determination of stiffness of A 
and I indicate that the tension developing during contraction is 
due to a change in the equilibrium length and stiffness in the ani- 
sotropic substance, and to an increase in stiffness in the iso- 
tropic substance. Therefore, as both substances take active part 
in the contraction, the simplest explanation is that the con-, 
traction molecules in the A and I substance function in a similar 
way, with this difference, that the molecule chains in the aniso- 
tropic substance are well orientated, while those in the I sub- 
stance are distributed at random as long as the substance is not 
exposed to loading. This hypothesis is in contradiction to H. H. 
Weber's (1934) a5sumptions concerning the distribution of 
myosin in the fibre. According to Weber, the contractile sub- 
stance is identical with Myosin, and found exclusively in the A 
substance. Weber bases his supposition on quantitative extrac- 
tion of myosin from muscle, and on comparative determinations 
of birefringence of myosin threads and muscle fibres (Noll and 
Weber 1934). In these calculations, it is assumed that the ani- 
sotropic substance constitutes 40 per cent of the height of com- 
partment, while actually, in the living fibre (frog and mammal), 
it amounts to about 60 per cent. This distribution would result 
in a myosin deficit according to the values for the amount of 
myosin and double refraction assumed by Weber. But, even if 
the amount ’of myosin found by chemical extraction implies that it 
is insufficient to fill the space of A as well as I, it is conceivable 
that the actual conditions in the fibre itself make a quantitative 
comparison between myosin thread and muscle fibre rather dif- 
ficult. Our working hypothesis that, apart from orientation, there 
is no fundamental difference between the molecule threads in the 
two substances is in agreement with the assumptions of Hurthle 
(1931), and W. I. Schmidt (1934, 1935), based on experiments 
with fixed materials. It is furthermore supported by different 
observations from experiments on living fibres: 

1) The difference between the static elasticity moduli of A and I 
at rest and dming contraction is very slight. 

2 ) The release diagrams for the two substances under contrac- 
tion are umform, as long as the substance is above equili- 
brium length. 

JO i32126. Acta phys. Scandinav. Vol. 6. 
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3) Yielding and locking in tetanic contraction appear in both 
substances. 

Besides these findings, which imply a general agreement con- 
cerning the mechanical characteristics of the molecule chains, 
attention is drawn to the X ray structure investigations. As far 
as they allow comparison between myosin and muscle, the simi- 
larity in the patterns indicates that the molecules of the I sub- 
stance do not deviate essentially from the A substance (myosin). 
A and I’s different refraction for visible rays as well as the double 
refraction in A can also be explained by supposing a different 
orientation of the main axes of the molecules. 


Summary. 


The mechanical reaction of the isolated cross striated muscle 
fibre and the time course of the structural changes are investiga- 
ted by means of microcinematographing the changes in length 
occuring in the anisotropic and isotropic substance, and recording 
the mechanical tension simultaneously. A-s part in the height 
/ A \ . 

of compartment | | varies continuously between 64 per cent 

at rest, and 06 per cent at the apex of contraction. The apex of 
the single contraction is reached 50 ms after the last resting point, 

A 


and after a further 50 ms 


A-M 


returns to the resting value. 


The change of ^ occurs more quickly immediately after rest 

than during the remainder of the time course. There is a striking 
conformity between the decrease and increase in the change of 
A 

^ in spite of the essential difference in the simultaneously 
A-f I 

registered course of tension. 

A . ^ 

The time course of the change in j during contraction and 

the size of the change in the range of stretch investigated (length 
200 — 145), is independent of the stretch and amounts to about 
100 ms. 

In spite of the fact that reaches its resting value after 
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100 ms an essential mechanical tension is still found. This diffe- 
rence maj’- be explained by assuming a different time course of 
the contraction and relaxation process in A and I. 

In accordance with previous investigations, no "all or none” 
reaction is found in the directly stimulated (curarised) fibre. 
A 

The change of ^ propagates over the fibre without decre- 
ment. In experiments comparing local stimulation of the one end 
of the fibre with stimulation of the entire fibre, the same tension 
and gradation is found with both methods of stimulation. Locally 
released contractions are therefore propagated over the fibre 
without decrement. The intensity of the propagated wave of 
contraction is thus graded with the strength of stimulation, and 
proceeds over the fibre without decrement. Thus in muscle, in 
contradistinction to nerve, we have a combination of propagation 
and gradation. 

Simultaneous recording of the change in cross striation and ten- 
sion at varying strength of stimulation shows that there is no 


measurable grading in 


A 

A-f I 


at equilibrium length and moderate 


degrees of stretch, whereas the mechanical tension varies in the 


ratio 1:3. To explain this apparent constancy in 


A 

- T at diffe- 
A-f I 


rent degrees of contraction, one must either assume a very com- 
plicated mutual compensation between the changes in stiffness 
and equilibrium length in the A and I substance, or reckon with 
an "all or none” reaction of the minute structure elements. The 
latter possibility is a more simple explanation of the experimental 
observations. According to whether the contraction is weak or 
strong, a larger or smaller amount of resting submicroscopic 
elements shunts the contracting units. 

A quantitative examination of this assumption shows that a 
grading of contraction cannot induce measurable changes in 


A 

A-f I 


as long as the resting tension is relatively small. Only udth 


a high degree of stretch (length 170), can a measurable gradation 


be expected in 


A-fl 


. The theory is confirmed by experiments. 


On the basis of the molecule equivalent previously described, and 



148 FRITZ BnCHTHAL AND G. G. KNAPPEIS. 

the present observations, a structural interpretation of the con- 
traction mechanism is attempted. 

The authors are indebted to Dr. H. King, National Institute for 
Medical Research, Hampstead, for his kindness in supplying us with 
purified curarinechlorid, and to Mr. E. Kaiser, Engineer, for valuable 
advice concerning the treatment and interpretation of the material. 

The present work has been supported by grants from the Michadsm 
Foundation, and the Nordisk Insulin Foundation. 


References. 

Asmussen, E., Skand. Arch. Physiol. 1934. 70. 233. 

Brown, D. E. S., and F. J. M. Sighed, J. cell. comp, physiol. 1936. 8. 
315. 

Buchthal, F., Kgl. Dansk. Vidensk. Selskab. Biol. Medd. 1942. 
XV 11. 1. 

— and Gr. G. Knappeis, Acta Physiol. Scand. 1943. 5. 256. 

— , G. G. Knappeis and J. Lindhard, Skand. Arch. Physiol. 1936. 
73. 163. 

— and T. Peterfi, Pfliig. Arch. ges. Physiol. 1934. 23i. 527. 

— and E. Warburg, Acta Physiol. Scand. 1943. 5. 55. 
Caspersson, T., and B. Thorell, Ibidem' 1942. 4. 97. 

Gelpan, S., Amer. J. Physiol. 1930. 93. 1. 

— , J, physiol. 1934. 80. 285. 

/ — and R. W. Gerard, Amer. J. Physiol. 1930. 95. 412. 

HiiRTHLE, K., Pfliig. Arch. ges. Physiol. 1909. 126. 1. 

— , Ibidem 1931. 227. 610. 

Lucas, K., J. physiol. 1905. 33. 123. 

Noll, D. and H. H. Weber, Pfliig. Arch. ges. Physiol. 1934. 235. 234. 
Schmidt, W. J., Z. Zellforsch. 1934. 21. 224. 

, Ibidem 1935. 23. 201. 

Steiman, S. E., Amer. J. physiol. 1937. 118. 492. 

Weber, H. H., Ergebn. Physiol. 1934. 36. 109. 



From the Neurophysiological Laboratory, Karolinska Institutet, 

Stockholm. 


Some Inliibitoiy Phenomena in the Dorsal 

Root Reflex. 

By 

C. R. SKOGLUND and B. UVNAS. 

Eeceived 17 May 1943. 


Work in this laboratory on the afferent discharges, recorded 
with microelectrodes in intact dorsal roots (Granit and Skog- 
LUND, 1943), necessitated control of the efferent discharge in the 
same fibres. It was then noted that the technique used for sti- 
mulation offered certain possibilities for analysis of questions 
pertaining to the properties of the so-called dorsal root reflex. 
This technique consisted in stimulation of the afferent nerves 
with linear currents of variable strengths, gradient and duration 
(Skoglund, 1942). 

Efferent effects in the dorsal root in response to stimulation 
of various afferents were first described by Gotch and Horsley 
(1891), rediscovered by Barron and Matthews (1935), and further 
analyzed by Toennies, 1938. Barron and Matthews first be- 
lieved this discharge to take place in recurrent fibres, but Toen- 
nies showed that it had a central reflex time of 3 — 4 msec., a fact 
incompatible with uninterrupted conduction. This has since been 
confirmed (Barron, 1940, Hursh, 1940). Toennies found this 
dorsal root reflex to be present in about 35 % of the afferents 
but Barron and JIatthews (1938 a) later showed such was the 
case only when the cord was cooled. If cooling was prevented 
the efferent discharge in the afferent roots became so small as to 
suggest that it hardly could be part of a normal mechanism. 
However, Toennies (1939) still claims that there is a welldefined 
root reflex also at normal temperatures. 
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Of great interest is Barron and Matthews' (1938 b) finding 
that the discharge occurs on the rising phase of a slow electrotonic 
potential in the roots which they ascribe to presynaptic terminal 
fibres. Bor this reason they believe that the discharge is a direct 
activation of the sensory root fibres by the electrotonic potential. 
This discharge is favoured when accommodation in the fibres is 
diminished by cooling, strychnine, or other influences (Barron 
and IMatthews, 1938 c). 

By using linearly rising stimuli of variable duration we have 
means of varying the form of the afferent discharge eliciting the 
dorsal root reflex, a method which throws some light upon certain 
aspects of the problem. 


Technique and Procedure, 

stimulation. 

The stimulation device, described in detail by Skoglund (1942), 
delivers linearly rising currents of strictly controllable gradient and 
strength through the anode circuit of a valve. The stimidator is con- 
nected so as to shift the one beam of a double cathode ray in proportion 
to the rate of rise of the stimulating currents, the other beam being 
used for simultaneous records of the discharge in the nerve through 
a condenser coupled amplifier (see fig. 6). The stimulus could be driven 
up to a certain strength at any desirable rate and be kept at plateau 
height for any duration desired (as in fig. 2). The stimulator could also 
be operated iteratively (as in fig. 4). 

Preparation. 

The spinal cord of decerebrated cats was laid bare in the lumbar 
region. The dorsal roots, generally L 5 — 7, were sectioned on one side 
near the spinal ganglion and isolated up to the cord. 

The cat was placed in a metal incubator, heated from below. A layer 
of water covering the bottom of the box maintained a warm, moist 
atmosphere. In addition the cord, covered with cotton wool, could 
be warmed by an electric radiator. The temperature of the cord was 
controlled by a thermometer. 

The stimulating electrodes were silver-silverchloride pins, well 
chlorinated. As a rule they were placed on the peripheral stump of the 
cut root or a fascicle, generally L 7, sometimes also on the freed sciatic 
nerve at the level of the knee or on the saphenous. A pair of platinum 
hooks serving as leads to the amplifier were placed on the same root as 
the stimulating electrodes somewhat nearer to the cord. This arrange- 
ment was adopted in order to be able to record the input discharge. 
Another similar pair of electrodes, connected to a fascicle of an adjacent 
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root, recorded the output “reflex discharge”. By a switch the amplifier 
could be shifted from the one pair to the other. Successful experiments 
were carried out with 13 cats. 


Eesults. 


Observations on some known Properties of the “Beflex” 

Disoharge. 

In fig. 1 the form of the stimulus is shown in the records. In a 
and c the time marker interrupts the stimulus beam every msec., 
in b and d every 2 msec. In record aL 7 has been stimulated at a 
distance of 25 mm. from the cord and the effect appears in the 
record from a. point just at the cord after 1 msec. The root reflex 
to a slightly stronger stimulus, is pictured in 6, recorded from L 6. 
The uncorrected latent period is 5 msec, leaving just below 4 
msec, for the central processes in agreement with the results of 
other workers. Eecord c illustrates the reflex in L 6 to stimulation 
of the sciatic nerve. The increased conduction distance has in- 
creased the latent period to about 6 msec. 

In record d the dorsal root reflex, picked up as in b, is preceded 
by a rapid negative potential of extremely short latent period. 
This phenomenon occurs w'hen the stimulating electrodes are 
so near the spinal cord that they have a chance of stimulating the 
latter directly (cf. Barron and Matthews, 1938 b). Thus this 
potential remains after pinching of the “input” root between the 
stimulating electrodes and the spinal cord, preventing all impulses 
to reach the latter so that no dorsal root reflexes are set up. 

In these experiments with instantaneously rising currents it 
was also confirmed that the temperature was an essential factor in 
determining the size of the reflex discharge. Just after the dura 



Fig. 1 . a afferent, b, c and d efferent diseharges in dorsal roots caused by stimiil- 
ation with instantaneously rising currents. Lower beam in this and the follou ing 
figures marlcs stimulus form and time. Full description in text. 
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had been opened in the beginning of the experiment, very few 
fibres became “reflexly" activated, despite of the large input 
volley. Sometimes no effect whatever was obtained. Somewhat 
later dorsal root reflexes appeared with stimuli slightly above 
rheobasic strength for the input discharge. This was noted in our 
first experiments. When in the later experiments the temperature 
was controlled the increased dorsal root reflex was found to be 
accompanied by a sinking of the temperature by 3° — i°. The 
radiator was then introduced and by warming up the spinal cord 
to 38° — 39° the process was found to be reversible. This was the 
only factor found to determine the size of the dorsal root reflex 
in a reversible manner. Decerebrated animals were given dial 
intraperitoneally in successively increasing doses. • Yet the dorsal 
root reflex was found to be uninfluenced until respiratory 
disturbances occurred. 

There was a regularly noted parallellism between the size of 
the dorsal root reflexes and that of the ipsilateral flexion reflex 
at different temperatures. In a couple of experiments this was 
also confirmed with the ordinary reflex discharge as recorded from 
the ventral root (cf. Grundbest (1941) who made similar observa- 
tions on the flexion reflex in relation to cooling of the spinal cord). 


Bldcking of the Prolonged “Beflex” Discharge Caused 
by Stimulation with Constant Currents. 

Continuous currents set up prolonged discharges in mammalian 
sensory nerves (Skoglund, 1942). It is of interest to see how such 
discharges are modified when they reappear in the reflex output. 
In fig. 2 a the afferent input from L 7 is recorded in response to a 
continuous stimulus of four times rheobasic strength. After one 
sec. (right) there is still a considerable slowly diminishing dis- 
charge left. The efferent output of an afferent in the same experi- 
ment is shown as record h. There is some spontaneous activity in 
the base-line. Nevertheless it is clear that the hea%'y input bomb- 
ardement of impulses has a neghgeable effect after about 0.75 
sec. This is at about 37° of the spinal cord. But in record c, where 
in the same experiment the spinal cord has been cooled down to 
33°, there is an impressive discharge still after 1 sec. of stimulation. 
Actually this afferent output in the dorsal root lasted for 2.25 sec. 

The gradually developing block in the input-output transition 
of the dorsal root reflex is apparently conditioned by the incoming 
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Fig. 2. a afferent, b and c efferent discharges in dorsal roots caused by stimulation 
•with constant currents. Full description in text. 


impulses themselves. But in addition the blocking effect, cutting 
down the discharge, depends upon the temperature, of the spinal 
cord, being well developed at normal temperatures and far less 
noticeable in cooled preparations. 


Inhibition of Intermittent, “Beflex” Discharges Caused 
by Iterated Single Shocks of Variable Frequency. 

The above experiments suggested that a state of inhibition is 
built up by the successive impulses of a discharge. Whether 
this is so may be tested by sending dispersed input discharges of 
constant size at constant intervals and studying the size and dura- 
tion of the output discharge at different temperatures. 

In fig. 3 a the input volleys to L 7 have been caused by brief 
excitatory shocks at intervals of 50 msec. A sweep synchronized 
with the initiation of the stimrilus has been used. The form of the 
latter is covered by the action potentials of the input discharge 
in o, but in 6, where the corresponding afferent root reflexes have 
been recorded, the stimulus (see beam marking it) can be seen 
preceding the discharge, owing to the longer latent period of the 
dorsal root reflex. The input volleys, iterated in o, are seen to be 
of constant size, but the reflex discharge is well developed only 
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in response to the first stimulus 
of the series. In the others it is 
very small. A similar inhibition 
by repetition has been noted by 
Toennies (1938). In this partic- 
ular case the inhibitory state de- 
veloped rapidly. 

Fig. 4, however, is from a case 
in which inhibition developed 
slowly. Stimulus form and fre- 
quency were as in fig. 3. That the 
input volleys were constant was 
checked by observation on the 
screen. Only the reflex effect 
was recorded in this experiment; 
however, on a standing film so 
that a few sweeps became super- 
imposed. Record a shows the 
large instantaneous effect of the 
first stimuli throwing the cathode 
ray out of the picture. Record b 
is an exposure . after 3 seconds, 
correspondings to the 60th sti- 
mulus, and record c after 6 sec. 
to the 120th stimulus. In this 
experiment with a cooled spinal 
cord the reflex discharge diminished very slowly on repetition 
showing that the inhibitory state rose at a very slow rate. 

This difference between the normal and the cooled spinal cord 
is typical. In another experiment it was still more pronounced. 
In the beginning of that 
experiment inhibition 
Was instantaneous at 
a frequency of 20 per 
sec; when the cord had 
been cooled, it lasted 
about 25 sec. before 
the impulses had been 
completely inhibited. 

For a spinal cord in any 
given state an increase 



Fig. 3. a afferent, b corresponding 
efferent discharges in dorsal roots 
caused by repeated stimulation unth 
short current pulses at a frequency 
of 20/sec. (see text). 



Fig. 4. Efferent dorsal root discharges caused by 
, repeated stimulation -n-ith short current pulses. 
Superimposed pictures of several sweeps in each 
record, a at beginning of stimulation, b after 
3 sec., c after 6 sec. (see text). 
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in the stimulus frequency led to an increase in the rate of develop- 
ment of the inhibitory block. An example is shown in fig. 5 in 
which the duration of stimulation necessary for complete inhibi- 
tion is plotted on the abscissae against stimulus frequency as 
ordinates. 



Pig. 5. Ordinates: stimulus frequency. Abscissae: duration of stimulation neces- 
sary for complete inhibition (see test). 


Variations in the "Heflex” Discharge Caused by Variations 
in the Rate of Rise of Linear Stimuli. 

A glance at fig. 6, records a — d, will show the principle of the 
experiment, in these records by illustrating the input discharge 
in the afferent root in response to linear currents of different 
rates of rise. The instantaneously rising stimulus at a strength 
of 28 // A in a caused a large synchronous volley. "When in h the 
same current rises more slowly the discharge diminishes and be- 
comes less synchronized owing to accommodation. In c, a still 
more slowly rising current has been driven up to greater strength 
(46 fx A) leading to a repetitive discharge, more marked in d, 
where at the same rate of rise the stimulus has been still further 
increased in strength (60 ^ A). It has been shown by Granit and 
Skoglund (1943) that suprathreshold stimuli actually elicit 
repetitive firing in single sensory fibres. 

Let us now see how these different input discharges are trans- 
formed in the "reflex output”, shown in records e g. In e and /, 
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corresponding to, a and b, there were well-marked output dis- 
charges. However, the input discharge of c failed to give an output 
effect. It was necessary to drive the stimulating current to greater 
strength, as in d, in order to be able to record the small discharge 
, , _ _ of ff. This was recorded 





with somewhat lesser 
amplification of the sti- 
mulus beam of the ca- 
thode ray, as also shown 
by the compressed time 



marking of the latter. 

How are these facts 
to be understood? It is 
tempting to imagine that 
the input discharge of 



record c sets up in the 
. centre an electrotonic 
potential which arises 
too slowly and possibly 
also. is too small to cope 
with accommodation in 


Fit:. G. a, b, c, and d afferent discharges, c, f, 
and g corresponding efferent discharges in dorsal 
roots caused by stimulation with linearlj* rising 
currents. Time in 2 msec, (see text). 


the .central terminals. 
The repetitive discharge 
of record g will have 


enough density to do 


so. In favour of this explanation are the experiments by 


Fessard and Matthews (1939) on frogs in which they showed 
that successive afferent impulses in a single fibre caused an in- 
crease in magnitude and duration of the electrotonic potential 


of the same root in proportion to the, frequency and duration of 
the input discharge. Unfortunately we have not been able to 
record the slow electrotonic potential in this work since the slowly 
rising currents require special compensatory devices for an elimi- 
nation of the artefact, not available at the moment. 

But our experiments offer another interesting possibility for 
testing these assumptions. This is to compare the effects of slowly 
rising currents with normal and cooled spinal cords presuming the 
spinal cord to be affected by cooling in the direction of decreased 
accommodation, as Ave have every reason to do (cf. introduction.) 
It can easily be shoAvn that the input discharges, set up by the 
slowly rising currents, pass a cooled spinal cord far more easily 
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than a normal one. The outcome of a quantitative experiment is 
shown in fig. 7. Ordinates are stimulus strengths and abscissae 
stimulus duration. The lines from origo show the linearly rising 
currents inserted in the diagram. The dots connected by the line A 
show the threshold for the afferent input discharges in terms of 
stimulus strengths at the moment when the first impulse appears, 
in other words, the accommodation curve of the afferent. It has 
the typical flat run of skin afferents (Skoglund, 1942, GtBANIT and 
Skoglund, 1943). 

Similarly the line C illustrates the thresholds for the dorsal 
root reflex at normal temperature. Its steeper gradient signifies 
that the decreased rate of rise of the current has had to be com- 
pensated for by increased strength. But as soon as the cord has 
been cooled down, and despite of the fact that the threshold to the 
instantaneously rising currents is unaltered, the curve B, illustra- 
ting this case, approaches the form of A signifying that smaller 
current gradients do not now have to be compensated for by as 
large increases in strength as in C. The viev^^ that in the cooled 
preparation a smaller electrotonic potential of lesser gradient 



158 


C. K. SKOGLUND AND B. UVNAS. 


suffices to overcome the diminished accommodation has thus been 
supported by this experiment. 

Discussion. 

Our results show that the transmission of a drawn-out, non- 
synchronous input discharge (cf. the preceding paragraph) is 
impeded at normal temperatures, and that at such temperatures 
an inhibitory block is generated by the discharge itself. Prom 
this can be concluded that under normal conditions there must 
be a considerable safety margin prohibiting the occurrence of the 
so-called dorsal root reflex. The observation by Bareon and 
Matthews (1938 c) that natural stimuli caused by a sharp tap on 
the foot elicited a reflex response whilst steady pressure failed to 
do so, can be explained along the same lines. 

From the point of view of general properties of nervous tissue 
it is of interest to note that in peripheral nerve postexcitatory 
depressive states are better marked in fibres of good accommo- 
dation (Skoglund, unpublished observations), a fact, which 
together with the results of the last section suggests that the effect 
of temperature may influence a process in the spinal cord com- 
parable with accommodation in peripheral nerve. 

The question as to whether the dorsal root reflex differs from 
other reflexes cannot be regarded as solved, but the general 
similarity of behaviour, noted in the flexor reflex suggests similar 
determinants in both cases. Onto these factors, as well as onto 
their relation to the general problem of accommodation in centres 
this work has directed attention. 

Summary. 

The efferent "reflex” output in the dorsal root L 6 in response 
to afferent discharges from L 7 (the so-called dorsal root reflex) 
has been studied in decerebrate cats with the aid of electrical 
stimuli of variable form. Special attention has been paid to the 
effect of temperature. 

Prolonged afferent discharges, set up by constant currents, 
cause prolonged dorsal root reflexes. Increased duration of the 
afferent discharge is accompanied by an inhibitory block, far more 
pronounced at normal temperature than at low temperature of the 
spinal cord. 
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Intermittent afferent stimuli, set up by brief iterated shocks, 
elicit intermittent dorsal root "reflex” discharges which succes- 
sively diminish in size. This depression increases with stimulus 
frequency and for any frequency is far more pronounced at normal 
temperature than at low temperature of the spinal cord. 

Afferent discharges set up by linearly rising currents of steep 
gradient, elicit well marked "reflex” discharges. But slowly 
rising currents, which still give well marked impulses in the input 
root, fail to cause the reflex response. For this to occur the 
linearly rising stimuli must be increased in strength so as to cause 
prolonged repetitive discharges. The necessary increase in current 
strength is greater at high than at low temperature of the spinal 
cord. 
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KIrogh and Lindhard (1913) concluded from their experiments 
that the abrupt rise in pulmonary ventilation at the beginning 
of work is due to a suddenly increased excitability of the respira- 
tory centre, brought about by irradiation of impulses from the 
motor cortex. During the steady state of work they assumed that 
the pulmonary ventilation was governed by the ordinary automatic 
chemical regulation. Nielsen (1936), however, showed that in the 
steady state of work the intensity of the chemical stimuli (arterial 
pCOo or Cu) is not increased, and furthermore demonstrated that 
the increased pulmonary ventilation is due to an increased exci- 
tability of the respiratory centre towards CO;. The change in ex- 
citability might be either of cerebral or of reflex origin or it might 
be caused by some substance produced in the working muscles 
(e. g. the “hyperpnein” of Y. Henderson) and acting either on the 
carotid and aortic bodies or directly on the respiratory centre. 

The purpose of this paper is to investigate if the increase in 
excitability of the respiratory centre during exercise can be 
ascribed to such substances produced in the worldng muscles or if 
it may be of nervous origin. For this purpose a series of work 
experiments on Krogh’s bicycle ergometer was carried out during 
which the circulation to the lower extremities could be cut off by 
means of pneumatic cuffs, inflated to a pressure of 250 — 300 mm 
Hg. In this way it was possible to make sure that no substance 
formed in the muscles distal to the inflated cuffs could enter the 
main circulation, whereas the nervous connections were unaffected. 
Under these circumstances work could be continued with un- 
changed intensity for several minutes and the ventilation com- 
pared with the normal ventilation. In addition to the work ex- 
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periments series of supplementary experiments were performed, 
during wHch the circulation to the legs was cut off in the resting 
condition. 

Methods: Metabolism and pulmonary ventilation were determined 
by the Douglas bag method. Tbe frequency of respiration was registered 
by a Marey tambour in connection with the respiration valve. Alveolar 
ventilation and alveolar pGO, were calculated from the obtained data, 
the dead space of the subjects having been pre\’iousIy determined. 

The experiments were carried out on four male subjects B. J. (25 
years, 172 cm, 60 kgm), M. M. (20 years, 170 cm, 62 kgm), E. A. (32 
years, 172 cm, 70 kgm) and M. N. (36 years, 188 cm, 80 kgm). All 
determinations were made in the steady state after about 15 minutes 
of continuous' work. The determinations mth the circulation to the 
lower extremities cut off were made immediately after the determina- 
tions in the normal condition. 

Results: The main experiments were performed on subject 
E. A. who was well trained and from earher experiments well 
accustomed to the special procedures necessary for these experi- 
ments. In table 1 the data from the experiments on E. A. with 
different intensities of work are given together with the results 
on R. J. and M. M. with the intensity of 360 mkg/min. A more 
detailed analysis of the results on E. A. with the intensity of 360 
mkg/min is given in tables 2 a and 2 b. 

Table 1 shows the oxygen intakes and the ventilations during 
work on E. A. varying between 180 mkg/min and 900 mkg/min. 
The time during which work could be continued with the circula- 
tion to the legs blocked varied between 5 minutes for the work 
intensity of 180 mkg/min and somewhat less than 1 minute for the 
hea\uest work. It will be seen that the oxygen intake in the ex- 
periments with the circulation to the lower extremities cut off 
has decreased from 22 to 49 pCt compared wth the oxygen intake 
in the normal experiments. This corresponds to a decrease in the 
oxygen consumption of the -vtorking muscles of from 30 to 58 pCt. 
The reason why the percentage decrease in oxygen intake is so 
much smaller with the lighter work is presumably that the oxygen 
consumption corresponding to the stabilizing work here is relative- 
ly greater. In spite of the considerable decrease in oxygen intake 
the ventilation is practically unchanged. The experiments with 
the two other subjects R. J. and M. M. who were less accustomed 
to the ; experimental procedures than E. A., show in the main 
the same results: In both subjects the ventilation is a little increas- 
ed In the experiments with the legs “cut off”dn spite of the con- 

11 — i32126. Acta ptivs. Sca?idinav. Yol. 6. 
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siderable decrease in oxygen intake. In subject R. J. tbe ventila- 
tion was slightly increasing and in subject M. M. slightly decreasing 
during- the three minutes of occlusion. 

Table 1. 


Snbj. 

Rate of 

Nnm- 

I 

Normal 

condition 

n 

Circnl. to 
legs cut off 

Decrease or 
increase of II 
in pCf of I 

mkg/min. 

ber of 
exp. 

0,- 

intake 

1/min. 

Tent. 

(37^ 

1/min. 

0,- 

intake 

1/min. 

Vent. 

(37=) 

1/min. 

0,- 

intake 

pCt. 

Vent. 

(37=) 

pCt. 

E. A. 

180 

4 

0.736 

15.1 


0.676 

15.7 

-22 

+ 4 


360 

22 

1.12 

21.6 


0.78 

21.3 

-30 

- 1 


540 

2 

1.44 

29.1 


0.74 

28.1 

-49 

- 3 


720 

2 

1.78 

38.2 


1.08 

37.4 

-39 

- 2 


900 

2 

2.08 

46.3 


1.09 

47.6 

-48 

+ 3 

R. J. 

360 

6 

1.06 

24.3 

1. 

min: 0.82 

25.6 

-23 

+ 5 



5 

— 

— 

2. 

> 0.72 

26.0 

-32 

-t- 7 



11 

— 

— 

3. 

> 0.78 

27.8 

-26 

+ 14 

M. M. 

360 

4 

1.09 

27.4 

1. 

> 0.70 

30.8 

-36 

+ 12 



4 

— 

— 

2. 

> 0.73 

29.6 

-33 

+ 8 



4 

— 

— 

3. 

> 0.84 

28.6 

-23 

+ 4 


Tables 2a and 2b show a more detailed analysis of the experi- 
ments on E. A. with the work intensity of 360 mkg/min. Table 
2a contains the normal experiments and table 2b the experiments 
with the lower extremities "cut off”. The figures in table 2a are 
single determinations from different experimental days. In the 
experiments presented in table 2b, the circulation to the legs was 
cut off for 2.5 min., during wliich time usually two determinations 
covering the whole experimental period were made. (1st and 2nd 
det. of i,able 2b.) The tables show, that the day-to-day variations 
in the pulmonary ventilation are very small, and that, in spite of 
the considerable difference in oxygen intake, the ventilation is 
imchanged in the two series of experiments. The ventilation per 
liter Oo-consumption is consequently increased, whereas the alveo- 
lar pCOa is diminished. The ventilation is sbghtly decreasing during 
the period of occlusion from an average of 22.0 1/min. in the 
first determinations to 20.7 1/min in the second determinations, 
and so is the alveolar pCOz (from 39.1 mm Hg to 38.2 mm Hg). 
The depth and frequency of respiration are very nearly the same 
in the two conditions. 
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Table 2 a. 

Normal experiments. 
Subj. E. A. 360 mkg/min. 


Vent. 
(37’ etc) 
I/rain. 

0.- 

intake 

1/min. 

Vent. 37^ 

per 

1 0, 

* 

Alv. 

pCOj 

mmHg 

Resp. 

fre- 

quency 

Resp. 
depth 1 

•22.7 

— 

— 

— 

11.9 

1.91 

22.4 

I.IG 

19.3 

42.5 

12.5 

1.79 

20.7 

1.12 

18.5 

43.1 

11.3 

1.83 

22.2 

1.15 

19.3 

41.8 

12.3 

1.80 

21.3 

1.08 

19.7 

43.0 

12.0 

1.78 

22.5 

1.12 

20.1 

41.2 

12.3 

1.83 

21.8 

1.17 

18,6 

42.0 

12.3 

1.77 

20.8 

1.07 

19.4 

42.0 

12.8 

1.63 

20.6 

1.11 

18.6 

42.4 

12.1 

1.70 

21.2 

1.12 

18.9 

41.6 

12.4 

1.71 

20.4 

1.11 

J8.4 

42.1 

12.4 

1.65 

21.6 

± 0.3 

1.12 

± O.Ol 

19.1 

42.2 

12.2 

1.76 


Table 2 b. 


Experiments with circulation to lower extremities cut off. 
Snbj. E. A. 360 mkg/min. 




Vent. 
(3r etc) 
1/min. 

0,- 

intake 

1/min. 

Vent. 37° 
per 

1 0, 

Alv. 

pCO, 

mmHg 

Resp. 

fre- 

quency 

Resp'. 
depth 1 

1st determ 

23.1 

0.86 

26.9 

(42.4) 

12.7 

1.82 

2nd 

> .... 

21.2 

0.79 

26.8 

38.7 

13.4 

1.58 

1st 

> .... 

22.9 

0.85 

26.9 

39.7 

13.2 

1.73 

2nd 

> .... 

21.8 

0 83 

26.3 

38.4 

11.6 

1.88 

1st 

> .... 

22.2 

0.83 

26.8 

39.0 

12.3 

1.81 

2nd 

> .... 

18.9 

0.79 

23.4 

39.3 

9.7 

1.95 

1st 

> .... 

19.3 

0.69 

28.0 

38.8 

9.9 

1.95 

2nd 

> .... 

21.6 

0.81 

26.6 

37.4 

10.1 

2.13 

Ist 

> .... 

22.5 

0.68 

31.4 

38.8 

12.6 

1.80 

2nd 

> .... 

20.2 

0.71 

28.5 

37.3 

10.7 

1.89 

1st 

> .... 

20.5 

0.73 

28.1 

37.4 

10.8 

1.90 


Average: 

Mg 


27.2 

38.5 

11.5 

1.86 
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Table 8. 


Experiments at rest. 



Number 
of experi- 
ments 

Vent. 87’ 
1/min. 

.Oi- 

intakc 

cc/min. 

COj- 

output 

cc/min. 

Vent. 37’ 
per 

1 0, 

Vent. 37' 
per 

1 CO, 

Alv. 

Vent. 3r 
1/min. 

Alv. 

pCO, 

mmllg 

E. A. normal 
exp. . . . 

9 

5.66 

256 

202 

22.08 

28.00 

4.50 

39.3 



+ 0.0G 

±2.1 

±2.1 

— 

— 

— 

+ 0.8 

E. A. circul. 
to legs cut 
off ... . 

6 

5.25 

237 

190 

22.12 

27.00 

4.18 

40.1 . 



±0.09 

±3.1 

±2.8 

— 

— 

~ 

+0.3 ' 



(-7.3 %) 

(-7.4%) 

o 

(+0.1%) 

(-1.4%) 

(-7.1%) 

1 

i 

M. M. normal 
exp. . . . 

9 

6.93 

254 

209 

27.23 

33.10 

4.70 

1 

39.0 1 



±0.12 

±1.2 

±1.8 

— 

— 

— 

+0.5 1 

M. M. circul. 
to legs cut 
off ... . 

12 

6.20 

231 

189 

27.08 

33.10 

3.98 

1 

41.3 ; 



±0.05 

±1.4 

±0.8 



— 

— 

±0.4 ' 



(-9.7%) 

(-9.1 JS!) 

(-9.G^)i(-0.5,‘S) 

(0%) 

(-15.3 %) 

— 1 


In tabb. 3 the results from experiments in wMch the circidation 
to the legs was cut off in the resting condition are given. In contra- 
distinction to the work experiments tlie pulmonary ventilation 
is here diminished in the same proportion as the metabolism, so 
that the ventilation per liter Oj and per liter COg is practically 
unchanged. The same is the case with the alveolar pCOo in subj. 
E. A., whereas in subject M. E. the alveolar pOOo is a little 
increased, due to the fact that the alveolar ventilation in this 
subject has decreased more than corresponding to the decrease 
in COo-output. 

Disczcssion. Already Geppert and Zuktz (1888) pointed out, 
that the increase in pulmonary ventilation diming muscular work 
could be caused either by nervous impulses to the respiratory 
centre or by changes in the composition of the blood irrigating it. 
By experiments on dogs and rabbits in which the spinal cord was 
transsected at the level of the 12. thoracal segment, these authors 
found an increase in the pulmonary ventilation, when the hind 
limbs of the animals were electrically tetanized. As .the arterial 
COj-tension was not increased they concluded that the increase 
in ventilation was brought about by some unknown substance in 
the blood, produced in the worldng muscles. 
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In more recent- years ifc was commonly assumed, that the pCO. 
or On of the arteriah blood was the factor govt^rning ventilation, 
])oth in rest and in the stead}- state of muscular work (Haloabe, 
WiNTERSTEix, IvRooH and liiNDHARu). Later experiments (Niel- 
sen 1936) showed, however, that neither the pCO. nor the C,f of 
the arterial lildod were significantly changed in the steady state 
of work, but that the threshold of tlie respiratory centre towards 
pCOj was so much loAvered, that this alone could account for the 
increased ventilation. The question, whether this lowering of the 
threshold of the respiratory centre was due to immoral or to 
nervous influences remained open, however. 

The assumption, that the increase in ventilation during muscular 
work is brought about by some unknown substance produced in 
the working muscles and passed to' the respiratory centre by the 
blood has been advocated by Y. Henderson (1920 and 1938) and 
has quite recently been rc\dved by some german physiologists 
(Koch, Benzinger a. o. 1940). All these authors base their as- 
sumption essentially on the results of Geppert and Zuntz referred 
to above. As it had been objected against the experiments of 
Geppert and Zuntz (Nielsen 1936) that only the exspiratory 
COj was used as measure for the arterial pCOo, Kramer and 
Gatjer (1941) repeated their experiments -with an improved tech- 
nique, allowing a continuous determination of the alveolar pCOj. 
Their results confirmed the findings of Geppert and Ziintz, that 
at least in the experiments on the rabbits the arterial pCOs was 
not increased during electrically induced work of the hind limbs 
of the animals. Simultaneous with an increase in ventilation during 
the period of stimulation Kramer and Ga-uer, however, found a 
decrease in arterial blood pressure, which was linearly correlated 
to. the increase in ventilation. They concluded from these experi- 
ments, that the increase in ventilation in their experiments, and 
probably also in those of Geppert and Z-ontz, was effected through 
reflexes to the respiratory centre from the pressosensible zones 
of the caiotid sinus and the aortic arch (HEYi^fANS andBoucKAERT 
1930). The assumption of the stimidation of the respiratory centre 
through an unknown substance produced in the working muscles 
thus proved unnecessary. 

If the increase in pulmonary ventilation during muscular , wmrk 
were due to substances produced in the muscles, the amount of 
such substances must be proportional to the intensity of the work, 
as. the close correlation between ventilation and metabolism 
otherwdse could not be explained. 
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In the experiments here presented an occlusion of the circulation 
to a considerable part of the active muscles has been made, so 
that a corresponding amount of the hypothetical substance was 
prevented from reaching the respiratory centre. Consequently, 
one should expect to find a decrease in ventilation, which should 
be proportional to the decrease in C) 2 'intalce. The experiments 
showed, however, that the ventilation during the period of occlu- 
sion remained almost at the normal level. Tt is therefore concluded, 
that the inciease in excitability of the respiratory centre during 
light and moderate muscular work is not brought about by sub- 
stances produced in the working muscles, but must be of nervous 
origin. 

This conclusion is only justifiable, provided the ventilation is 
not otherwise affected through the experimental procedure. 

As factors, which might disturb the experiments by affecting 
the ventilation, psychic influences and ischemic pains, which are 
increasing throughout the experiments must be mentioned. As a 
matter of fact experiments on subjects, who are not accustomed 
to this special procedure are easily disturbed b}^ such influences, 
which, however, after a certain period of practising can be nearly 
eliminated. Further it was noticed, that unskilled subjects had a 
tendency to use new muscles, less fit for the work, during the period 
of occlusion, so that only relatively small and irregular decreases 
in oxygen intake were obtained. The results presented in tables 
1, 2a and 2b are obtained from well practised subjects, and es- 
pecially subject E. A. had been much trained in this experimental 
technique, "which is seen from the fact, that the day-to-da)"- varia- 
tions in the ventilations during occlusion are very small stable 2b). 
A comparison between the first and the second determinations 
of the ventilations (average 22.0 1/min, respectively 20.7 1/min) 
in table 2b shows further, that the effect of the increasing ischemic 
pain is negligible in E. A. The ocher two subjects never complained 
of ischemic pains. 

*\t the moment when the cuffs are inflated, the arterial blood 
pressure is suddenly increased, but in the course of a few seconds 
it returns to a level which is only slightly higher than the value 
in the normal steady state of work. This change in blood pressure 
cannot explain the relatively high value of the ventilation during 
occlusion. If anything, it should affect the ventilation in the oppo- 
site direction. 

The question might be raised, whether the period of occlusion 
is long enough to allow the ventilation to adjust itself to the 



HUMORAL OR NERVOUS CONTROL OF RESPIRATION? 167 

new condition. In order to elucidate tHs problem experiments 
were performed, in -wHcb tbe intensity of work (360 mkg/min) 
suddenly w^as diminished to such a rate (about 180 mkg/min), 
that the oxygen intake was the same as during the period of occlu- 
sion. These experiments showed that already after 1 minute the 
ventilation was practically adjusted to the new level. Consequently 
the time of occlusion in our experiments must have been sufficient 
for the purpose. 

Whereas the experiments with occlusion of the circulation to 
the legs during work showed, that the ventilation under these 
circumstances was not correlated to the rate of metabolism, but 
must be governed by nervous impulses, the experiments in table 3 
show, that when no work is performed during the period of oc- 
clusion, the ventilation is closely correlated to the metabolism. 
This can be seen from the fact, that the decrease in oxygen intake 
and in ventilation are of practically the same magnitude. 

Summary. 

The pulmonary ventilation and the oxygen intake during light 
to moderate work on the bicycle ergometer were determined under 
normal conditions and in experiments in which the circulation to 
the lower extremities was interrupted by means of pneumatic 
cuffs. The experiments showed, that although the oxygen intake 
could by this procedure be diminished by 20 — 50 pCt., the venti- 
lation remained almost unchanged. 

From these experiments it is concluded, that the increase in 
the excitability of the respiratory centre tow’-ards COa, which 
occurs during work cannot be ascribed to substances produced in 
the working muscles, but must be of nervous origin. 
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In earlier papers (Nielsen 1936) it has been shown that the 
chemical stimulus of the respiration (arterial pCOj or C^) is hot 
increased during muscular work, but that the increase in pul- 
monary ventilation during work can be explained quantitatively 
by an increase in the excitability (lowering of the threshold value) 
of the respiratory centre towards COo. It has been shown further 
(Asmussen, Cheistensen and Nielsen 1943) that the increase 
in excitability of the respiratory centre during exercise is not due 
to humoral influences i.e. to substances, produced in the working 
muscles and transported to the centre by the blood stream. It 
must therefore be supposed to be of nervous origin and to be 
possible only in two ways: viz. either is the increase in excitability 
of the centre brought about by irradiation of the cortical impulses 
to the muscles, in the same way as Keogh and Lindhaed (1913) 
explained , the abrupt rise in ventilation at the onset of work 
— or it is duetto reflex impulses from the' working muscles. In 
both cases it is possible to explain the existing linear relation 
between the ventilation and the intensity of work, as the strength 
of both the' cortical innervation and of the reflex iihpulses, which - 
may be caused by mechanical changes in the muscles, must be 
closely correlated to the work intensity. . ■ 

In order’ to investigate- whether the impulses influencing the 
respiratory centre are of cortical or of reflex origin, we have studied 
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Fig. 1 . Example of oscillographic recordings of impulses, set up by the ))Myotensor”. 


the respiration in voluntary work and in electrically induced work, 
in which the cortical innervation was excluded and replaced by the 
apparatus for . electrical stimulation. 


Methods. 

As stimulating apparatus we used the "Myotensor”^ by means of 
which it is possible to a high degree to imitate the natural voltmtary 
muscular contractions; the "Myotensor” can be set automatically, as 
shown in fig. l,,to give waves of impulses, , the frequency of which 
can be varied. Inside the individual waves the frequency and strength 
of the single impulses can be set to increase (contraction) and decrease 
(relaxation) from an adjustable basal frequency and strength of impul- 
ses. The time for contraction and relaxation can be varied at will. 
Further the duration of the single impulses can be varied corresponding 
to the chronaxy of the muscles. 

The arrangement for the work experiments is presented in fig. 2. 
The working machine consists of an angular lever equipped with pedals 
to which the feet were fixed. The lever moved on a horizontal axis, 
and the load of work could be varied by means of a spring. The in- 
different electrode was placed on the back of the subject,, the different 
electrodes ventrally on. the thighs and dorsally, on the calves. The 
■work , consisted in a rhythmic stretching of the lower extremities. 
The strength and frequency of the stretching could be varied within 
vdde limits by means of the "Myotehsor”. The' movements of the long 
arm of the lever were registered on a drum to control the constancy 
of work. With some experience it was possible to adjust the. "Myotensor” 
so that the electrically induced, work could not be distinguished from 
normal voluntary work performed on the same working machine. 
There were no sensations from the sldn covered by the electrodes, and 
the subject was sitting passive while the legs were working. ■ 

After a preliminary period of from 10 to lb -minutes of work the 
metabolism and ventilation were determined by the Douglas bag meth- 
od. The alveolar pCOo then could be calculated, the dead space being 
previously determined. , , 

1 Manufactured by Dansk Industrisyndikat. Compagnic Madsen A/S Copen- 
hagen. • ' ■ - ' 
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Eesults and Discussion. 

The results on subject E. A. (36 years, 172 cm, 70 kg) are pre- 
sented in fig. 3. The ventilation and the alveolar pOO. in rest 
and during the electrically induced and the normal voluntary 
■work on the same machine, are plotted against the corresponding 
oxygen intakes. It can be seen from fig. 3, that the ventilation 
during the electrically induced work is increasing corresponding 
to the oxygen intake in the same manner as during the voluntary 
work. It can further be seen, that the alveolar pCOz is the same 
during the two kinds of work, i.e. equal to the resting value of 
39 mm ifg. 

As mentioned in the introduction it has been shown (AsarussEN, 
Christensen and Nielsen 1913) that the increase in the ex- 
citability of the respiratory centre during muscular work is not 
due to substances produced in the working muscles, but must 
be supposed to be either of cortical or of reflex origin. In the 
experiments with electrically induced work here presented the 
mechanism of regulation seems to be intact in spite of the fact, 
that the cortical impulses are excluded and replaced by the 
“Myotensor”. It must therefore be concluded that the increase 
in excitability of the respiratory centre is hot brought about by 
irradiation of the cortical motoric impulses but must be of reflex 
origin. 

This view of the regulation of respiration during muscular 
work is supported by experiments of Harrison, Calhoun and 
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Fig. 3. Subj. E. A. Abscissae: 0..-intake cc/min. Ordinates, upper curve: ven- 
tilation (37°, ^ satur., prev.bar.press.) 1/min, lower curve alveolar pCO- mm Hg. 
+ resting values. • electrically induced work. X voluntary work. 


Harrison (1932). These authors showed on dogs, that passive 
movements of hindlegs, which were only in nervous connection 
(through the sciatic nerve) with the rest of the body, caused a 
small increase in ventilation. They concluded from these experi- 
ments that "the increase in ventilation during '’mild' exercise is 
due — in part at least — to respiratory reflexes arising in the 
moving parts”. 

It was now likely to suppose, that the afferent impulses con- 
trolling the breathing during exercise were evoked in the kines- 
thetic endorgans controlling muscular movements, and led to the 
respiratory centre along the path of the kinesthetic sensations, 
e. g. in the posterior fascicles. 

In order to study this question we made an extensive series of 
experiments on a subject suffering from tabes dorsalis. In this 
subject H. Th. (57 years old) all the kinesthetic sensations con- 
trolling muscular movements and limb posture were completely 
extinguished in the legs and in the lower part of the trunk and had 
been so for 7 years. Before his ailment H. Th. had been a hodman 
and had been of great muscular strength. Now he was of course 
completely untrained as far as his legmuscles were concerned. 
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Fig. 4. Subj. H. Th. (Tabes dorsalis). Co-ordinates as in fig. 3. -f resting values. 
# electrically induced work. X voluntary work. O voluntary Svork on modified 
bicycle ergometer and corresponding resting values. 


He came to the laboratory in his wheelcar. He was intelligent 
and made excellent service as a subject. 

After a series of preliminary experiments in which the subject 
was practiced in the experimental technique, the experiments 
presented in fig. 4 were made. The fig. shows the ventilation and 
the alveolar pCOa in relation to the oxygen intake from 3 kinds 
of work, viz. voluntary work and electrically induced work on 
the niachine mentioned above (fig. 2) and voluntary work on a 
modified Krogh bicycle ergometer (Hielsen 1938). To the astonish- 
ment of both the subject and ourselves it turned out that the 
subject worked very well on this bicycle, when his feet were tied 
to the pedals, and Avhen he could watch the movements of his legs. 
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Probably tbe great inertia of tbe system was also essential for 
this ability. During the electrically induced work, in which the 
subject held his eyes closed, it was necessary that his knees were 
tied together and that an assistant lightly supported his legs to 
prevent them from falUng to. the side. 

As is seen in fig. 4 the ventilation increases in the normal way 
corresponding to the oxygen intake both during the electrically 
induced work and during the two kinds of voluntary work. 

In contradistinction to what was the case with the normal subject 
(see fig. 3) the alveolar pCO, here is slightly increasing with 
increasing oxygen intakes. In order to evaluate the significance 
of this increase for the regulation of the ventilation, it was neces- 
sary to make a determination of the excitability of the respiratory 
centre of the subject, both at rest and during muscular work. In 
these experiments, which were carried out in the way described 
by Nielsen (1936), the subject breathes air mixtures containing 
varying concentrations of COj. When a steady state of respiration 
is reached, simultaneous determinations of the pulmonary venti- 
lation and of the alveolar pCOj are made. The pulmonary ventila- 
tions from these experiments together with the values from the 
experiments in which . the subject had been . breathing normal 
atmospheric air, are plotted against the alveolar pCOa in fig. 5. 
This fig. reveals the same characteristics as the curves published 
earlier by Nielsen (1936), viz. a practically linear relationship 
between alv. pCOo a,nd ventilation, and a parallel shift to the 
left of the curve representing the results from the work experi- 
ments in relation to the resting curve. Compared with correspond- 
ing “excitability curves” from other subjects the slope of the 
curves in fig. 5 is rather small although it still appears to lie within 
the normal range. ‘ 

Fig. 5 shows that to obtain an increase in the ventilation from 
about 7 1/min to about 21 1/min, both at rest and during the work, 
an increase in the alveolar pCO^ of about 17 mm Hg. is required, 
whereas a corresponding increase in the ventilation in the work 
experiments in fig. 4 was accompanied by an increase in . the 
alveolar pGOa of only 3 mmHg. This slight increase, consequently, 
cannot have been of essential importance to the increase in ven- 
tilation observed during the volimtary and electrically induced 
work on H. Th. (fig. 4). 

The results on H. Th., therefore, in the first instance confirm 
the conclusion reached above, viz. that the increase in excitability 





174 ERLTN6 ASMUSSEN, SIARIUS KIELSEN AND 6. WIEXH -PEDERSEN. 



2Z 26 3D 3^ 38 n ^6 SO SVa^l/.pCOz 

mm.Hg. 


Fig. 5. Subj.^ H. Th. Excitability curves, O in rest and X during work (120 mkg/ 
min) on modified bicycle ergometer. Abscissae: alveolar pCOj, mm Hg. Ordinates: 
ventilation (37°, satur., prev.bar.press.), 1/min. 

of the respiratory centre is not brought about by irradiation of 
cortical impulses, but must be of reflex origin. And the experi- 
ments on the patient with tabes dorsalis are perhaps still more 
convincing than the experiments on the normal subject, as the 
patient because of his ailment had no subjective apprehension 
of the intensity of the electrically induced work. 

But secondly these experiments have shown that in spite of 
the fact, that this subject had no sensations or control of his 
muscular movements the regulation of the respiration during work 
acted in the normal way. From this it follows, that the reflexes 
controlling the ventilation during work, cannot be conveyed by 
the nervous tracts, wliich are known to be destroyed in tabes 
dorsalis, i. e. the posterior fascicles, but must be carried to the 
centre by sensory nerves outside this part of the medulla. 
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Summary. 

In experiments with, voluntary and electrically induced work 
on a normal subject and on a patient (tabes dorsalis) in whom all 
the ordinary kinesthetic sensations were completely extinguished^ 
the pulmonary ventilation increased during both kinds of work 
in the normal way i.e. corresponding to the oxygen consumption, 
in spite of the fact, that the cortical innervation during the elec- 
trically induced work was substituted by the apparatus for electric- 
al stimulation. 

From these experiments it is concluded, that the nervous im- 
pulses which increase the excitability of the respiratory centre, 
thus causing the rise in the ventilation during work, are not of 
cortical origin, but most probably must be brought about reflexly 
from the working muscles. 

The experiments with the patient suffering from tabes dorsalis 
show further, that the reflex impulses must be carried to the centre 
through nerve paths outside the posterior fascicles, which are 
known to be destroyed in this disease. 
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During an earlier investigation (Asmussen and Knudsen 1941) 
it was noticed incidentally that hyperventilation, induced by 
means of high concentration of COj in the inspired air, produced 
an increase in the output of the heart when the subject was lying 
horizontally, but that the hyperventilation had no such effect if 
the subject was tilted passively to a position with the head up- 
wards ( + 60°). It is the purpose of this paper to put this observa- 
tion to a closer test and to make an attempt to find out the reason 
for the increased rate of circulation during hyperventilation in the 
horizontal position. 

Earlier investigations along this line have brought contradic- 
tionary results. Lindhard (1915) and Liljestrand (1919) found 
no effect on the circulation during COo-breathing. Grollulan 
(1930), however, stated that although concentrations up to 6 pet 
CO 2 in the inspired air had no effect, still larger doses slightly 
increased the cardiac output of the heart. Voluntarily forced 
breathing had the same effect as also Norlin (1932) found, and 
it was concluded, that the increase in cardiac output was due to 
mechanical effects of hyperventilation and not to a chemical 
effect of CO 2 itself. 

The effects of forced breathing on the rate of circulation were 
well known. Already Krogh and Lindhard (1912) noticed that 
the cardiac output during the period of forced breathing, which 
p)recedes a determination of the circulation rate after their meth- 
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od, -was augmented. It was, howeveij generally assumed that 
this effect was of short duration, and first Norlin (1932) , de- 
monstrated, that the effect could be maintained for more than 
one hour. As the, cause of this effect an increased negativity of 
the intra-thoracal pressure seemed the most probable, but also 
the possibility of a pressing-out of blood from the abdomen was 
discussed. (Krogh and Lindhard, Geollman). Norlin gives no 
explanation of the fact, but seems to believe, that at least part 
of the augmentation is due to some chemical influence caused by 
the shift to the left of the Hb-dissociation curve during the alka- 
losis of voluntary ventilation. 

The effect of altered intra-thoracal pressures on the venous re- 
turn to the right heart have been extensively reviewed by Goll- 
■mTZER-MEiER (1932). The author sums up her review by stating, 
that the venous return in most cases is increased during inspira- 
tion and decreased during expiration, but that the two effects 
balance each other, so that the sum total should be no effect on 
the average circulation rate. In recent time Herbst (1940) claims 
to have demonstrated an inverted proportionality between the 
intrapulmonary pressure and the minute volume of the heart 
(Broemser-Kancke method), but Anthony, Lent and Muller 
(1941) using the same method, find no effect of increased respira- 
tory, resistance on the circulation rate in ten subjects. 

Methods: Varying degrees of hyperventilation were produced by dif- 
ferent concentrations of COo in the inspired air. Mixtures containing 
from 2.5 to 7.5 pet of COg in atmospheric air were procured in cylinders 
and inspired through valve and' mouthpiece. The expired air was col- 
lected in Douglas bags, measured and analyzed in the usual way. In 
some experiments . the intrapulmonary pressure was varied by means 
of a resistance on the inspiratory or on the exspiratory side of the valve. 
The resistance consisted of a large flask partly filled with water into 
which the inspiratory, respectively the exspiratory, tube could be set 
to varying depths, thus giving a resistance of known magnitude. - , 

After a preliminary period of at least 15 minutes the cardiac output 
was determined by means of the acetylene method according to Geoll-, 
MAN. The pulse rate, the arterial blood pressure and the respiratory 
frequency also were determined. 

Most of the experiments were carried out on B. A. (35 years, 172 cm, 
70 kg) others on A. H. (23 years, 175 cm, 69.5 kg).^ All experiments 
were made in the morning after a resting period in the horizontal posi- 
tion of at least 1 hour. 

’ The experiments oi A. H, were carried out by Mr. Bojsek Mobtensen 
as part of his work for obtaining the degree of cand. mag. 

12 — i32126. Acta pliifs. Scandinav. Vol.6. 
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Results: The result from a series of experiments on E. A. and 
A. H. breathing an air mixture containing about 6.5 pet CO, in 
the horizontal and in a tilted position (+60°) are averaged in 
table 1, and compared with results from experiments in the 
normal condition. 

Table I. 


Stibj. 


Lying borizontally 

Tilted 60° 

normal air 

6.6 % CO 2 
in insp. air 

6.6 % COj 
in insp. air 

E. A. 

Oi-intake cc/min 

238 

261 

239 

a.-v. Oj-diif. cc/1 .... 

47 [6] 

31 [2] 

57 [2] 

Card, oatpnt 1/min. . . . 

5.07 

8 42 

4.18 

A. H. 

Oj-intake cc/min 

246 

292 

287 

a.-v. Oj-diff. cc/1 .... 

47 [9J 

35 [6] 

69 [3] 

Card, ontput 1/min. . . . 

5.22 

8.84 

4.18 


(Figures in brackets indicate number of determinations.) 


The ventilation was in all the .COj experiments a little more than 
30 1/min. It is obvious that the cardiac output increases during 
hyperventilation in the horizontal position. This increase is partly 
due to the increased O 2 intake, but as the arterio-venous Oa-dif- 
ference decreases, the increase in the output of the heart must 
have been greater than corresponding to the slight rise in the 
metabolic rate. Quite different are the results -when the subjects 
Were tilted. In this case the cardiac output is diminished, although 
at least in A. H. the Oa-intake is still greater than in the normal 
condition. The arterio-venous Os-difference consequently is higher 
than normal. The decrease in cardiac output is of the same mag- 
nitude as that occurring when the subject, without breathing GO 2 , 
is tilted to the same position, so that in this case, the CO 2 and the 
hyperventilation have had no measurable effect on the cardiac 

output. . 

The effect of varying degrees of hyperventilation on the car- 
diac output and on the arterio-venous 02 -difference of E. A. m 

the recumbent position is shown in fig. 1. ^ 

The average of the resting values (ventilations between 0 
and 6 1/min) are for the cardiac output 6.3 1/mm for the a.-v. 





























C02'BREATHING and output op the heart. 


179 



Fig. 1. Cardiac output and arterio-venous Oj-difference during hyperventilation 

(COj-breathing). 


Oa-difference 45 cc/1. The fig. shows, that with increasing ventila- 
tion there occurs an almost recti-linear decrease of the a.-v. Oa- 
difference. The cardiac output- increases with increasing ventila- 
tion, but more than corresponding to the decrease in a.-v. Oa- 
difference. This is due to the fact, that the Oo intake increases 
with increasing hyperventilation. The pulse rate was only slightly 
higher than normal in the experiments with COa-inhalation so 
that the stroke volume of the heart on an average increased with 
the ventilation. This increase of stroke volume, however, was far 
less regular than the increase in the cardiac output. Also the 
arterial blood pressure rose slightly, but only with the highest 
degrees of hyperventilation (7 pet COo in insp. air) the rise in 
systolic pressure reached a magnitude of 10 mm Hg. 

The results from the experiments in which the inspiratory re- 
sistance was increased are presented in fig. 2. It shows, that up 
to an extra inspiratory resistance of 12 cm of water the a.-v. O.- 
difference and the cardiac output are unaffected, and that still 
higher resistances (up to 20 cm HoO) have only slight and rather 
irregular effect on the cardiac output and the a.-v. Og-difference. 
The ventilation/minute and the 02-intake in these experiments 
Were within the normal range of the resting experiments, and 
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cm HjO insp. resiR. 

Fig. 2. Cardiac output and a.-v. O.-difference at different inspiratory resistances 

(cm H.O). 



0 2 4 6 8 10 

cm HjO exsp, resist. 


Fig. 3. Cardiac output and a.-v. Oj-difference at different exspiratory resistances 

(cm HjO). 


also pulse rate and arterial blood pressure were approximately 
normal. 

In fig. 3 are presented the results from the experiments in which 
the expiratory resistance was augmented. This, too, shows a 
rather irregular effect both on the cardiac output and on the 
a.-v. Oa-difference. On an average the cardiac output is increased 
and the a.-v. Oa-difference is decreased, but any close relationship 
between magnitude of expiratory resistance and circulation can 
not be detected. 
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DisGiiss'io7i: The results from the experiments with hyperventila- 
tion in different postures show, that the COo has not acted as a 
chemical stimulus for the circulation. If that were the case it is 
not conceivable why it should have had no effect in the tilted 
position, as other chemical stimuli for the circulation are known 
to act also in such case (e. g. low arterial pOo (Asmussen and 
Knudsen 1941)). It must therefore be concluded, that the effect 
of the CO 2 breathing on the cardiac output is a mechanical effect 
of the hyperventilation as also Grodlmann (1930) and others as- 
sumed. The fact, that COo-inhalation does not increase the cardiac 
output when the subject is in an erect position, possibly explains 
the discrepancies of earlier investigations, as the position of the 
subject apparently has not been identical in the different in- 
vestigations. 

In contradistinction to Grollman's results the present experi- 
ments show that even low concentrations of CO 2 , causing relatively 
small degrees of hyperventilation, have an unmistakable effect on 
the circulation. It seems possible then, to increase the rate of 
circulation of a subject gradually up to more than 50 pet by letting 
the subject inspire COc-mixtures, thus hitching the mechanical 
force of respiration to the circulatory mechanism. The lowered 
a.-v. Oo-difference and the increased pCOa of the blood will raise 
the mean oxygen tension of the venous blood, and hence of the 
tissues. It is well possible, that the beneficial effect of carbogen 
(Henderson 1938) in cases of peripheral circulatory failures may 
be due, partly at least, to this effect. 

As an explanation of how an increased ventilation does aug- 
ment the cardiac output the increased negativity of the intra- 
thoracal pressure during the deep inspirations has been mentioned. 
Such a negative pressure is assxuned to aid the venous return of 
blood by creating a greater fall of pressure from the veins outside 
the thorax to the right heart. 

The intra-pleural pressure is in most text-books of physiology 
since the days of Bonders given as — 3 to — 5 mm Hg. in the 
normal exspiratory phase and — 5 to — 10 mm Hg. at the end 
of a normal inspiration. After a maximal exspiration it should be 
— 2 mm Hg. and after a maximal inspiration — 30 mm Hg. It is 
possible from these data to draw a curve approximately repre- 
senting the negativity of the intra-pleural pressures at different 
fillings of the lungs. The curve will be of a hyperbolic shape, rising 
rapidly with increasing filling of the lungs. From such a curve. 
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assuming that the mean capacity of the lungs is practically un- 
changed , during hyperventilation (as found by Asmussen and 
Christensen (1939) during work) it is possible to estimate the 
mean negativity of the intra-pleural pressure at the different re- 
spiratory depths found in the experiments. A curve representing 
these values plotted against the cardiac outputs and the a.-v. 0.- 
differences found in the experiments of fig. 1, shows that these 
two functions increase, respectively decrease, in a very regular 
manner with increasing negativity of the intra-pleural pressure. 
But, if one tries to make the experiment of fig. 2 and' fig. 3 fit 
into the picture, one fails. 

In the experiments represented by figs. 2 an 3 the pressure in- 
side the lungs during inspiration, respectively exspiration, must 
have been approximately so much lower, respectively higher, than 
the atmospheric pressure as the inspiratory or exspiratory re- 
sistance indicate. 

From this follows, that the mean intra-pleural pressure in the 
experiments with increased inspiratory resistance must have been 
lowered by approximately half the value of the inspiratory re- 
sistance, and in the experiments with increased exspiratory re- 
sistance increased by about half the value of the exspiratory re- 
sistance. 

If the results in figs. 2 and 3 are treated according to this con- 
ception and plotted with the same co-ordinates as mentioned above 
for the results of fig. 1, the resulting curves show, that increases 
in the negativity of the intra-pleural pressures far exceeding the 
largest values found in the COj-experiments, are still without any 
effect on the cardiac output, and that the very low values of the 
negativity of intra-pleural pressures found in the experiments 
with increased exspiratory resistances (fig. 3) instead of giving a 
lowered cardiac output, as should be expected, show a tendency 
to make it increase. 

It seems justifiable then to conclude from these experiments, 
that the increased negativity of the intra-pleural pressure cannot 
be the reason for the increased rate of circulation in the experi- 
ments with hyperventilation. 

If the blood is not “sucked” back to the heart with increased 
ventilation, the possibility remains that the large respiratory move- 
ments in some way or other increase the venous return to the heart. 

The large excursions of the diaphragm during hyperventilation 
will increase the intra-abdominal pressure. This in turn wiU create 
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a greater pressure head for the venous blood coining from the ab- 
domen and thus “squeeze” the blood out of the abdominal veins 
(especially in the liver) into the thorax (see Gollwitzee-Meibr 
(1932)). The deeper the inspirations, the more effect they should 
have. The experiments with CO.-breathing (fig. 1) also show a 
recti-linear correlation between a.-v. Oo-difference and respiratory 
depth, when these two functions are plotted against each other. 
On the other hand, if the blood is pressed out of the abdominal 
veins (liver veins) it needs a special explanation to understand, 
why this is not the case also in the tilted position (table 1). 

There exists, how'ever, still another possibility to explain how 
the deep respirations during hyperventilation in the horizontal 
position might increase the output of the heart: The deep respira- 
tions may increase the venous return to the left heart by 
pressing out blood from the vessels of the lungs themselves. 
Certain observations made by Asmussen, Christensen and Sjo- 
STRAND (1939) may have a bearing on this possibihty. These 
authors found, that 3 — 4 deep respirations in the lying-down posi- 
tion would increase the vital capacity of the subject by 210 cc, 
and they explained this as a result of a pressing-out of such an 
amount of blood from the thorax during the deep respirations. 
They could further show, that if the lungs beforehand were 
“emptied”, -deep respirations in the horizontal position caused 
only a very slight increase in the vital capacity (70 cc). (The sub- 
ject was first placed in a tilted erect position. Inflated cuffs aroimd 
the thighs hindered the blood, accumulated in the lower extrem- 
ities, in returning to the central vessels, as the subject reassumed 
the horizontal position.) These experiments show, that it is pos- 
sible to drive out blood from the thorax by deep respirations, if 
the lungs contain a surplus of blood (as they do in the horizontal 
position) not, however, if the lungs are deprived of this surplus 
(as in the tilted, head-upwards position). This observation explains 
why hyperventilation has a marked effect on the output of the 
heart in the horizontal position, and none in the upright, tilted 
position, if one assumes, that the amount of blood that can be 
driven out of the thorax by the large respirations is kept cir- 
culating and is not stored away sonSewhere else in the body. 

Also for the assumption, that deep respirations may drive out 
blood from the abdominal vessels, thus helping the return flow 
of blood to the heart, the different distribution of blood between 
lower extremities and the rest of the body, which exists in the two 
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positions here discussed, may play an important r6Ie, viz if the 
drmng-out of blood from the abdomen is depending on a sur- 
plus of blood in the liver veins. It is well possible, that such a 
surplus Blasts in the lying position only and that in the tilted posi- 

^ veins of the lower part of the body. 

Whether the blood, which accounts for the increased cardi^ 
output during hyperventilation, comes from the lungs themselves 
or is pressed out of the abdominal veins, a surplus of blood in the 
upper part of the body seems to be of importance. 

In order to test this assumption two series of experiments were 
made in which the subject breathed CO.-mixtures in the lying-down 
position, in one series after having been placed in the upright tilted 
position for a few minutes, in an other after having been tilted to 
a head-down position for a few minutes. In both cases cuffs 
around the thighs of the subject were inflated just before the sub- 
ject was returned to the horizontal position, in order to maintain 
the abnormal distribution of blood between the lower extremities 
and the rest of the body, which exists in the two tilted positions. 

After 10 to 15 minutes of hyperventilation by CO, the cardiac 
outputs were determined. 

The results, given in table II, indicate, that hyperventilation 
tends to give a higher cardiac output and a lower a.-v. 0,-dif- 
ference when the legs are “empty” than when they are "full” 
of blood. 


Table II. 


Legs “empty” 


Legs “full 

t 

Vs, 

1/min. 

a.-v. 

OjaifF. 

cc/1 

Card. 

output 

l/min. 

v,, 

1/min. 

a.-v. 

Ojdift’. 

cc/I 

Card. 

output 

1/min. 

15.3 

35 

6.75 

15.C 

1 

45 

5 37 

24.8 

36 

6.35 

26.5 

43 , 

5.47 

26.5 

34 

7.00 

28.8 

41 

6.34 

27.0 

37 

6.69 

31.9 

41 

5.78 

34.3 

36 

7.60 

35.5 

36 

6.94 

34.7 

31 

8.03 

38.0 

37 

6.52 

37.4 

40 

6.00 

38.1 . 

39 

6.95 

38.3 

27 

10.00 




29.8 i 

34.6 

7.28 

30.G 

40.8 

6.05 


Average 
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The main results and conclusions of the present investigations 
then are:. Hyper ventilation in the lying-down position, caused by 
COo-breathing, gives an increased cardiac output with a con- 
comitant lowered a.-v. Oo-difference. As this only occurs in the 
horizontal position, not in the tilted, head-upwards position it is 
concluded, that the effect is not brought about by a chemical 
action of the OOo, but that it must be caused by the mechanical 
forces of hyperventilation. As even large changes in the intra- 
pleural pressure, created by means of increased inspiratory or 
exspiratory resistances, has but slight and irregular effects on the 
circulation rate, it is concluded, that the increased cardiac output 
during prolonged hyperventilation is not due to an increased 
“sucking back” of the blood to the thoracic veins. 

It is put forward as a hypothesis, that the distribution of blood 
plays an important role for the increase in the cardiac output 
during hyperventilation: If the lungs are rich in blood (as in the 
horizontal position) deep respirations will drive out blood from 
them (indicated by the rise in \dtal capacity) thus creating an 
increased flow of blood to the left heart. If the lungs are deprived 
of their surplus of blood (tilted position) no such increase can be 
produced. The same may be said concerning a pressing-out of 
blood from the abdomen during deep inspirations, if one assumes, 
that also the blood-filling of the upper part of the abdomen is 
influenced by posture. Whereas the different blood-fillings of the 
lungs in different postures can be measured by means of the ^’ital 
capacity, no such measurement is available for different blood- 
fillings of the abdominal vessels. 

Summary. 

On two subjects it is shown, that hyperventilation, caused by 
GO.-breathing, has an increasing effect on the cardiac output if 
the subject lies horizontally, none, however, if the subject is tilted 
to an upright (60°) position. It is concluded, that the effect of 
COo-breathing on the cardiac output must be due to the mechanical 
forces of hyperventilation and not to a chemical action of the CO. 
on the circulation, as otherwise the difference of the effect in the 
two positions is unexplained. 

By increasing the inspiratory or exspiratory resistance arti- 
ficially the negativity of the intra-pleural pressure could be in- 
creased, respectively decreased. It was found that this had very 
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sKglit and irregular effects on the cardiac output, and it is con- 
cluded, that the augmented negativity of the intra-pleural pres- 
sure during hyperventilation cannot be the cause of the increased 
cardiac output. 

It is discussed how the deep respirations of the hyperventilation 
might influence the cardiac output, and the conclusion is put for- 
ward tentatively, that this is possible if one assumes that the 
enlarged respiratory movements cause a pressing-out of blood 
from the intra-pulmonary (or, and from the abdominal) vessels, 
when these are “filled” with blood (as in the horizontal position), 
not, however, when they are “empty” (as in the tilted position). 
The conclusion is supported by experiments, in which part of the 
blood was' shut off in the legs. 
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In 1887 d’AnsoNVAL advanced the opinion that industrial 
electric currents affecting bulbic centres might j^roduce a rever- 
sible inhibition of respiration and of the heart’s action. The great 
importance of this in connection with electric shocks has also 
been recognised in later times. — Pbevost and Battelli (1899) 
were able to show by animal experiments that a short electric 
shock (mouth — rectum) induced convulsions, with an initial 
decrease in blood pressure accompanied by a cardio-inhibition, 
and that after a few seconds the heart started to beat again and 
the blood pressure to increase. Battblli (1903) found that a 
short electric shock (45 periodic A. C. of 120 — 140 volts for 0.05 
sec.) sent through the head of a dog induced a typical epileptic 
convulsion. During this convulsion there is a marked initial fall 
of blood pressure and cardio-inhibition, which disappeared after 
vagotomy, as shown by Bini and Puddu (1941), who also estab- 
lished that the blood pressure in vagotomized animals increased 
considerably, even during the initial phase of the convulsions. 

Lougheed and Hall (1939), studying cardiazol convulsions 
in the rabbit, found that a marked rise of blood pressure pre- 
ceded the tonic phase of the convulsion. This rise, which may be 
partly due to a cardiazol effect, was not less marked in curarized 
animals. From this they concluded that the convulsions per se 
had little significance for the disturbances of the circulation oc- 
curring during the attack. This seems also to conform with the 
view held by Bini and Puddu. 
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According to previous investigations in this series, the intra- 
thoracic and intra-abdominal pressures rise considerablv during 
clinical electroshock convulsions, causing marked disturbances 
of circulation similar to those believed to occur in Valsalva’s 
experiment, with a rise of blood pressure and a decrease in car- 
diac output. 

In the following paper we attempt to analyze the effect of 
muscle convulsions on the circulation. 








Fig. 1. Rabbit, 2.3 kg. 

From above: arterial blood pressure, time in secs., signal marking the shock 
(140 V., 0.3 sec.), intra-abdominal pressure (maximum height 20 mm Hg). 


Methods. Rabbits were used as experimental animals. Cannulae 
were inserted in the carotid artery, the pleural cavity and the abdo- 
men, under local anaesthesia. 

The cannula inserted in the pleural cavity was a rather wide tube 
with a transverse plate 5 mm from the point. A short incision was 
made in the skin, and a small area between two ribs was so prepared 
that the fascia and the muscles could be sewn around the plate, her- 
metic closure being secured. The sldn was subsequently sewn round 
the plate, and the cannula thus became firmly fixed to the chest wall, 
any change in its position during the convulsion being prevented. The 
cannula was short, wide, and blunt-ended, to prevent injury to the 
lung. The intra-abdominal pressure was recorded from a small rubber 
balloon enclosed in the abdominal cavity and attached to a cannula 
through the abdominal wall. The pressures were registered by means 
of Marey tambours. 

In our earlier experiments the convulsions were induced by intra- 
venous injection of cardiazol, but later electroshock was employed. 


DISTDBBANCE OF CIBCl LATION IN CONVULSIONS. 189 

The electrodes were covered with cotton wool, soaked in Eingeb’s so- 
lution, and inserted in the rabbit’s ears. 

Por the study of the heart rate, a fine needle was inserted in the 
heart wall through the chest wall, and its movements were observed. 
An opening of the thorax could be avoided in this way. 



Fig. 2. Rabbit, 2.1 kg. 

From above: intrattoracic pressure, arterial blood pressure, intra-abdominal 
pressure, time in secs., and signal, marking the shock (140 V., 0.8 sec.). 

Results. If the electric current be sufficiently strong — we 
used 50 periodic A. C. of 140 volts with a duration of 0.2 — 0.3 
sec. — the rabbit passes into a tonic-clonic convulsion of the 
epileptic type. The whole convulsion usually lasts 35 — 40 sec., 
the tonic phase passing in about 10 sec. After the convulsion 
the animal is not particularly exhausted but should be allowed 
to recover for about an hour, if a fresh shock is to be induced 
with good results. 

During the first part of the tonic phase of the convulsion, 
the blood pressure does not rise, sometimes there is even a fall. 
The pulse oscillations disappear. In the later part of the tonic 
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or at the beginning of the clonic phase, the blood pressure rises 
by jerks, reaching a moderate height. At the end of the convul- 
sion, the blood pressure gradually falls below the initial pressure 
(Pig. 1). Only exceptionally is there an initial rise (Pig. 2). 

The needle in the heart always showed satisfactory oscilla- 
tions before the shock. At the onset of the attack the needle 


a 




Fig. 3. Rabbit, 2.2 kg. 

a) 55 V., 0.1 sec. (no convulsions), b) 80 V., 0.1 sec. (no convulsions), c) 140 
V., 0.1 cec. (no convulsions), d) 140 V., 0.2 sec. (convulsions). 

ceased to oscillate regularly and showed no, or only a few oscil- 
lations during the 10 seconds during which the tonic phase lasts. 
This bradycardia subsequently changed into a moderate tachy- 
cardia at the end of the attack. The total inhibition of the heart’s 
activity closely corresponded to the loss of pulse oscillations 
and the absence of rise in the blood pressure record during 
the earlier part of the convulsion. 

The intra-thoracic pressure rose from a few to 25 mm Hg dur- 
ing the shock.. The pressure usually increased rapidly during 
the first part of the tonic phase and then successively decreased 
with the onset of the clonic phase (Pig. 2). Sometimes an initial 
sharp rise and a rapid return was observed. 
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The intra-abdominal pressure showed changes similar to the 
intra-thoracic pressure, but the rise was more constant and some- 
what greater. On an average the pressure rise amounted to 10 
— 30 mm Hg, and the rise was more pronounced during the tonic 
phase (Fig. 2). 

A sub-threshold electric shock usually led to a temporary fall 
of blood pressure with a simultaneous inhibition of the heart’s 
action (Fig. 3). 

In atropinized animals (5 mg pr kg body weight intramuscu- 
larly) the cardiac inhibition was eliminated, and during the con- 
vulsion there was a moderate tachycardia. The arterial blood 

5W* 

So mtn Hg, 



Fig. 4. Rabbit, 2 kg. 

3 min. before the shock 10 mg. atropine was injected intravenously. From 
above: arterial blood pressure, time in secs., and signal marking the shock 

(140 V., 0.2 sec.). 

pressure rose immediately on the onset of the convulsion (Fig. 
4). The secondary fall of blood pressure sometimes became less 
pronounced. 

The same results were obtained with curarized animals. There 
was no cardiac inhibition, the heart showing only an initial and 
temporary, moderate bradycardia, which may have been caused 
by the electric current. The blood pressure rose immediately, 
and in this case too there was a reduced secondary fall of blood 
pressure. Fig. 5 shows an experiment on a curarized animal, 
where the intra-abdominal pressure is registered in order to de- 
monstrate the complete curarisation. 

Discussion. During the convulsion induced b}’- electro-shock 
there is usually an initial cardiac inhibition. After about 10 sec- 
onds, corresponding to the tonic phase of the convulsion, the 
heart starts to beat again and at the same time the arterial blood 
pressure increases. This increase is fairly moderate, amounting 
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on an average to 40 — 60 mm Hg. In atropinized animals tlie 
inhibition of the heart is done awaj' mth, and the rise of blood 
pressure starts at once, which permits of the conclusion that the 
initial heart slovdng is due to vagus stimulation. This conforms 
with the results obtained by previous authors, though they con- 
sidered the initial inhibition to have been due to a direct vagus 
stimulation owing to the electric shock. 

We have, however, found that curarisation of the animals 
also prevents cardiac inhibition, the animal showing only a mo- 



Fig. 5. Rabbit, 2.3 kg. 

10 min. before the shock 7 ml of an 1 ^ curare solntion vas injected intraven- 
ously. Artificial respiration. 

From above; Arterial blood pressure, time in secs., signal marking the shock 
(140 V. 0.3 secs.), intra-abdominal pressure. 


derate bradycardia. Unless it is assumed that curare in this case 
inhibits the vagus centre, it seems most plausible to suppose that 
the convulsion produces some effect responsible for the cardiac 
inhibition. The moderate rise of intra-thoracic and intra-abdom- 
inal pressures during the convulsion must cause an increase 
in the pressure of the cerebrospinal fluid, and it seems probable 
that this increased intra-cranial pressure is the cause of the vagus 
stimulation. 

Possibly the electric shock in itself gives a moderate vagus 
stimulation, with bradycardia. The cardiac inhibition in con- 
vulsions is thus probably the combined result of the direct elect- 
ric stimulation and the muscle comuilsions. 

The rise of blood pressure in convulsions could be supposed 
to result on the increased intra-abdominal and intra-thoracic 
pressures, since this is known to produce such an effect. As the 
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rise of blood pressure, however, occurs even in curarized animals, 
straining cannot be the cause. As to a direct effect of the electric 
current, this' usually leads to a fall of blood pressure, if the strength 
of the current be below the convulsion threshold. Thus it seems 
most probable that the rise in blood pressure is caused by some 
kind of cerebral excitation elicited by the seizure-promoting 
shock. The stop of the heart as observed in rabbits during the 
tonic phase of the convulsions would however counteract the 
tendency to a rise in blood pressure. 

This change in circulation differs essentially from the condi- 
tions in man. During the clinical electro-shock the intra-abdom- 
inal pressure immediately rises to a high level (up to 220 mm 
Hg) (Goedh and Silfvebskiold, 1943), and this must cause 
considerable disturbances of circulation. During the major part 
of the tonic phase, there is, however, a marked tachycardia-, and 
the blood pressure rises immediately on the onset of the attack. 
Only exceptionally is there a cardiac inhibition of some duration. 
Thus the straining effect during the convulsions seems to domi- 
nate the picture in man, the vagus stimulation being less pro- 
nounced. 

According to Penfield (1933), a cessation of pulsation in 
the cerebral arteries occurs during the epileptic convulsions. In 
man this cessation may be due to a Valsalva effect on the circu- 
lation with a decrease in the stroke volume, combined with active 
arterioconstriction (Silfvebskiold and Amabk, 1943). In the 
rabbit such a cessation may also be caused by the cardiac inhi- 
bition during the tonic phase. 

Summary. 

In electrically induced convulsions in the rabbit, initial car- 
d.iac inhibition and bradycardia occurs. This can be prevented 
by atropine and is attributed to vagus stimulation. The rise in 
arterial blood pressure starts in the later part of the tonic or on 
the onset of the clonic phase. 

Curare also prevents the cardiac inhibition, and the blood 
pressure rises at the beginning of the tonic phase. It is believed 
that the vagus stimulation is caused by a rise in intra-cerebral 
pressure, induced by the rise of the intra-abdominal and intra- 
thoracic pressures during the convulsion, this action being pre- 
vented by curarisation. 

13 — 432125. Ada phi/s. Scandinav. Vol. 6. 
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As the rise of blood pressure occurs even in curarized animals, 
it is not caused by the muscle convulsions. 

The disturbances of circulation in rabbits induced by electro- 
shock differ in various respects from those found during electro- 
shock convulsions in man. 
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While the excretion of glucose with the urine has by now been 
pretty thoroughly investigated, little work, and that little satis- 
fying, has been done on the subject of the excretion of the other 
monohexoses. The renal reabsorption of glucose has been studied 
by Shannon and Fisher (1938) who have measured the glucose 
and creatinine clearance of the dog simultaneously, using arterial 
blood for the analyses and keeping the glucose concentration of 
the plasma constant by intravenous infusion. The purpose of this 
work lias been to investigate the renal output of fructose, using 
a similar technique, and especially to make it clear if the reab- 
sorption of fructose is influenced by the amount of glucose, which 
is to be reabsorbed. 

Methods. 

Fructose was determined by a somewhat modified Radt’s method 
(1928). To 1.00 ml of the solution the fructose content of which is to 
be determined, 1 ml of 25 per cent HCI and O.i ml 20 per cent alcoholic 
solution of diphenylamine are added in test tubes. The tubes are placed 
in a boiling water-bath for precisely 15 minutes and are then cooled 
by immersion in an ample quantity of cold water. Then 2.oo ml of iso- 
amyl alcohol is added and the precipitate of diphenylamine together 
with the blue compound is dissolved in it by energetic shaking for a 
few minutes without heating. The aqueous layer is pipetted off, and 
the analyses are placed in an ice-box for 4 or 5 hours before the in- 
tensity of the colour is measured in the Pulfrich photometer, filter 
S 66 and 5 mm cuvettes. The analysis being carried out in this way, the 
aftercolouring is negligible. The calibration curve is very slightly 
curved. 

Analysis of serum; The blood sample is centrifuged in an ice-box im- 
mediately without any addition, the proteins are then precipitated ac- 
cording to Herbert (1938) and the analysis is carried out on l.oo ml 
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of filtrate. In blood from fasting dogs a blind of 3-4 mg per cent was 
found; the error from this source was eliminated by placing an analysis 
on serum taken before the infusion of fructose in the cuvette of refe- 
rence. By analyses of plasma a coefficient of variation of 3.G per cent 
was found. In all cases double determinations were made, and when 
the results deviated more than 5 per cent, the analyses were repeated.” 

Analysis of urine: Here a high blind may be found; this is small 
however under inanition, so the dogs were fasted for 18 hours before 
each experiment. Under these conditions the blind corresponds to an 
excretion of about O.io mg fructose per minute; the error produced 
by not correcting for this will only be important in experiments with 
very low fructose concentrations. 

Creatinine was determined according to Axel Thomsen’s principles 
(1938), glucose according to Hagedobn-Norman- Jensen, only thc- 
usual zinc-precipitation was not employed. Instead of this the analyses 
were carried out on the Folin-Wu filtrate (as in the case of the galac- 
tose analysis of Raymond and Blanco (1928)). By this modification 
both a smaller blind and a greater accuracy were obtained. The usual 
table might be used. 

Experimental Procedure. 

The experiments were carried out on dogs. A constant fructose con- 
centration in the blood was secured by intravenous infusion of a fruc- 
tose-creatinine solution, starting 30 — 60 min. before the collection of 
blood and urine samples. The urine was collected from one or two pe- 
riods of about ten minutes. At the mid-periods samples of arterial 
blood were taken, and from the amounts of fructose and creatinine 
excreted per minute and the concentrations in the blood the clearances 
were determined. 

The infusion took place in the internal jugular vein by means of a 
drop infusion apparatus, the velocity of infusion being determined by 
the resistance of inserted capillaries. To facilitate the taking of arterial 
blood, the internal carotid had been previously provided with a silver 
jacket, from which a small silver tube led to the skin. By inserting the 
cannula through the tube the blood samples were easily obtained. The 
urine was collected by means of an inlying catheter, the bladder being 
-washed with three times 20 ml of water both before and after the pe- 
riods. The last wash fluid was added to the urine prior to the final 
dilution for analysis. The time from the end of the first rinsing to the 
end of the second was measured with a stop-watch. 

All of the here cited experiments were carried out on a normal female 
dog, weighing 8.g kg. 


Results. 

Simultaneous fructose and glucose excretion. The object of the 
first experiments was to throw light upon the question whether 
the fructose-creatinine clearance ratio depends upon the amount 
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of fflucoso simultaneously reabsorbed. Table 1 sliows the results 
of one of these experiments. 

Table 1. 

lielaiion of ilie Fructose Excretion to the Concentration of Glucose 

in the Filtrate. 


Infusion: ! Tnf„s;o,j. 

; Fructose-Creatinine i Fructose- 



1. Period 

' 

2. Period 

Glucose- 

Creatinine 

Creatinine clearance 

27.S 

26.4 

.31. s 

Fructose serum mg per cent 

58.0 

56.2 

rv2.s 

» reabs. mg per min 

8.3 

8.1 

8.25 

Fr-Cr. clearance ratio 

0.485 

0.465 

0.4GO 

Glucose serum mg per cent 

138 

138 

343 

»> urine mg per min 

» reabs. mg per min 

» threshold mg per cent 

0.2 

0.13 

21.0 

94 

29-5 


Ill the first part of the experiment a solution containing 15 g of 
fructose -{- l.s g of creatinine in 200 ml of water was infused with the 
velocity of 3.0 ml per min. The preliminary infusion lasted for 40 min., 
then the urine was collected from two consecutive periods of 10. S3 and 
12.5 0 rain. In the second part the solution infused contained 12 g of 
fructose -f O.s g of creatinine + 20 g of glucose in 150 ml of water. 
The velocity of infusion was unchanged and after a preliminary in- 
fusion lasting 40 min. the urine was collected from one period of 12. os 
min. 

In the first part a fructose-creatinine solution was infused, in 
the second part a solution of the same fructose concentration but 
with an ample quantity of glucose too. It appears from Table 1 
that the creatinine clearance increased and the fructose concentra- 
tion decreased a little from the first to the second part of the ex- 
periment. As shown by later experiments on the clearance ratios 
at different fructose concentrations in the blood, a small change 
in the concentration has in itself no measurable influence on the 
clearance ratio. 

In the first part of the experiment the glucose concentration 
of the serum is 138 mg per cent and no demonstrable quantity of 
glucose is excreted wdth the urine. In the second the glucose con- 
centration is 343 mg per cent;, and some glucose is excreted, the 
serum concentration being somewhat higher than the threshold 
value, which may be calculated according to Shaxnon and 
Fisher as 295 mg per cent. None the less no measurable dif- 
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ference between the fructose-creatinine clearance ratios can be 
demonstrated. 

Experiments at different urine flows. Witli the teclmique lierc 
employed it was difficult to work with quite small urine flows, 
as a certain amount of water had to be infused, and besides the 
experimental error will be great when the urine flow is very small. 
It was considered more appropriate to compare moderate urine 
flows vdth very large ones produced by infusion of sulphate. The 
results of one of the experiments are given in Table 2. 


Table 2. 

Relation of the Fructose Excretion to the Urine Flow. 


Urine flow ml per min 

Infusion: 

Fructose-Creatinine 

1 Infusion; 

Fructose-Sulpliat-e 
Creatinine 

1. Period 

2. Period 

1. Period 

2. Period 

0.5 

32.2 

29.6 

5.98 

0.374 

0.5 

39.4 

29.0 

7.2 

0.3G8 

9.9 

3G.C 

25.0 

5.76 

0.370 

12.8 

40.0 

24.4 

5.36 

0.153 

Creatinine clearance 

Fructose serum mg per cent . . 

» reabs. mg per min. . . 

Fr.-Cr. clearance ratio 


1 . Part: A solution containing 7 g of fructose -f 2 g of creatinine in 
420 ml of water was infused with a velocity of 6.4 ml per min. Pre- 
liminary infusion for 45 min., then two periods of 11. o and lO.o min. 

2. Part: Infusion liquid: 5 g of fructose -f 0.8 g of creatinine -f 30 g 
of NazSO^ in 300 ml of water. Velocity: 6.4 ml per min. Preliminary 
infusion for 20 min., then two periods of 9.5 0 and 8.17 min. 

In the first part of the experiment the urine flow is about 0.5 
ml per min. (of course it could only be measured very inaccu- 
rately), This may be a considerable diuresis for a dog of the size 
in question, but in the second part, ivhere a quantity of NajSOi 
was added to the infusion liquid, we nevertheless obtained a 
diuresis of more than twenty times this amount. In the first 
period of this division the clearance ratio was imchanged, while 
in the second a slight increase was found, which may exceed the 
experimental error. 

Experiments at different concentrations in the serum. In Table 3 
are given the main results of a series of experiments on the fruc- 
tose excretion at different serum concentrations. 

The time of the preliminary infusion in all cases exceeded 30 min. 
It k evident, that the fraction of the filtered fructose found in the 
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Table 3. 

Relation of the Fructose Excretion to the Concentration of Fructose 


Creatinine 

in the Serum. 

Fructose in se- Clearjince 

Fructose reabs. 

clearance 

rum ms per cent 

ratio 

mg per min. 

30.1 

3.5 

0.285 

0.75 

31.4 

4.9 

0.232 

1.19 

29.5 

5.1 

0.233 

1.15 

44.6 

6.0 

0.223 

2.0S 

46.8 

26.4 

0.360 

7.94 

39.4 

29.0 

0.36S 

7.20 

32.2 

29.6 

0.374 

5.98 

35.9 

49.2 

0.520 

8.49 

37.4 

51.6 

0.452 

10.56 

26.4 

56.0 

0.465 

8.10 

27.S 

58.0 

0.485 

8.30 

41.0 

58.0 

0.572 

10.2 

50.6 

61.6 

0.542 

14.3 

41.8 

71.2 

0.650 

10.4 

44.2 

86.0 

0.474 

20.0 

33.2 

320 

0.77 

24.6 

38.2 

336 

0.79 

27.0 


urine increases •wdtli increasing concentration in the blood, but 
even at extremely low concentrations a considerable part of tbe 
fructose is excreted. No certain maximum of reabsorption could 
be demonstrated at tbe concentrations examined, but at the 
highest values given in the table, the amount of fructose reab- 
sorbed only increased very little. The values of creatinine clear- 
ance are included in the table in order to show its variations, 
which must have increased the deviation of the results to some 
degree. It must be remembered, howe'v’’er, that unlike the deter- 
mination of the clearance ratio, the determination of the crea- 
tinine clearance is encumbered with errors arising from the fact, 
that the time of secretion of the urine collected cannot be mea- 
sured accurately. Thus the creatinine clearance is likely to have 
varied somewhat less than shown in the table. 


Discussion. 

Our investigations confirm the recorded findings in the litera- 
ture on the subject to the effect that by intravenous infusion of 
a fructose solution fructose is found in the urine. Furthermore the 
experiments show that fructose is reabsorbed to some degree, the 
fructose clearance being smaller than the creatinine clearance. 
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It would seem quite natural to suppose that the reabsorption 
of fructose and glucose goes on by closely related processes, and 
then the reabsorption of one might influence the reabsorption of 
the other. The reabsorption of glucose, however, must be sup- 
posed to take place more easily than that of fructose. It appears 
from the facts that glucose is practically completely reabsorbed 
when the concentration in plasma lies below the threshold, and 
that even a considerable fructosuria will cause no simultaneous 
glucosuria (AVierzuchowsky, Pisskow and Owsiany 1931). 
Therefore, if the reabsorption of the Uvo monohexoses takes 
place by the same mechanism it is at any rate necessary to sup- 
pose, that from a glucose-fructose mixture the kidneys will be 
most able to reabsorb the glucose. In that case it would be safe 
to expect a very considerable change in the fructose-creatinine 
clearance ratio when the glucose concentration of the plasma is 
raised. 

From the experiments in this paper it appears that no great 
change is found in the fructose-creatinine clearance ratio when 
the glucose concentration of the blood is altered. So it must be 
concluded, that the reabsorbtive mechanisms of glucose and 
fructose differ at least in regard to the process which is the prin- 
cipal determinant of the maximal velocity of the reabsorption. 

The experiments concerning the influence of the diuresis on the 
fructose output show the reabsorption of the substance to be an 
active process. It is true that there seems to be a slight increase 
in the clearance ratio at the extremely large urine flows used in 
the cited experiment, but if the reabsorption was solely due to 
passive diffusion a far greater dependence on the urine flow would 
be found. In the first part of the experiment the difference in 
concentration between serum and bladder urine is about 700 — 
800 mg per cent, in the second part it is only about 20 mg per 
cent. It is obvious that the results of the experiment cannot be 
explained under the terms of passive diffusion in a simple system, 
where the chief determinants of the diffusion are the difference in 
concentration and the time of contact. 

The amount of fructose reabsorbed per minute must be suppo- 
sed to depend upon the concentration of fructose in the part of 
the tubule where the process is going on. So the experiment 
shows in addition, that the reabsorption takes place in a rather 
proximal part of the tubule, where the concentration is as yet 
not influenced by the actual diuresis. 
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The experiments on the excretion of fructose at different con- 
centrations in the blood also indicate, that the reahsorption of 
fructose is due to active processes, for the clearance ratio ob- 
viously depends upon the serum concentration. On the other 
hand vre did not succeed in establishing a definite maximum for 
the amount of fructose ■which the tubule cells are able to convey 
per minute. This may be due to the fact that sufficiently high 
serum concentrations have not been investigated. Neither . have 
^ye succeeded in finding a lower concentration of fructose in the 
urine than in the blood, even at concentrations of 3 — i mg per 
cent in the serum. This holds even if it is considered that at these 
low concentrations in the blood, the amounts of fructose found 
in the urine are a little too high o-wing to the blind, for which no 
correction has been made. A blind of 0.1 mg per min. -will produce 
an error not exceeding 33 per cent. 

The excretion of fructose differs essentially from that of several 
other substances which are actively reabsorbed from the tubules. 
Substances like glucose and sodium are practically completely 
removed from the filtrate by the kidneys, if the concentration in 
plasma is low, and at any rate in the case of glucose this holds 
true until the amount offered to the tubule cells is equal to their 
maximal capacity of reahsorption. The reabsorption of fructose, 
on the other hand, is highly insufficient even at very low con- 
centrations. 


Summary. 

The renal excretion of fructose is studied in dogs under dif- 
ferent conditions. It is sho-wn that the fructose is reabsorbed in 
the kidneys to some degree. The reabsorption is not influenced by 
alterations of the glucose concentration in the filtrate or by a 
considerable increase in the urine flow produced by the infusion 
of sulphate. On the other hand the excretion of fructose depends 
upon the concentration in the blood, a greater part of the filtered 
fructose being excreted at a higher plasma concentration. 

It is concluded, that a part of the filtered fructose is actively 
reabsorbed in the proximal part of the tubules by a process, the 
faculty of which to convey the fructose is not influenced by the 
amount of glucose which is simultaneously to be reabsorbed. 
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Until recently it was very generally assumed that adult animal 
cells are impermeable to most ions and especially to kations, and 
this was accepted as an explanation of the very different compo- 
sitions of intracellular and extracellular solutions respectively, 
although facts have been known for a long time which were, to 
say the least, very difficult to reconcile with the conception of 
impermeability. The demonstration by Hevesy and his colla- 
borators by means of isotopes that a regular, even if slow, ex- 
change both of anions and kations takes place in all the cell- 
types investigated (viz. erythrocytes, voluntary muscle, heart, 
liver, brain and yeast cells according to Hevesy and Aten 1939, 
Hevesy and Hahn 1941, Hevesy and Nielsen 1941) makes it 
necessary to thoroughly revise these conceptions and raises a 
series of new problems which it is proposed to discuss and to 
study experimentally in a small series of papers. 

In the case of phosphate, which is as a rule much more con- 
centrated within animal cells than outside, Hahn and Hevesy 
(1942) made it extremely probable that the concentration of 
free phosphate ions is in the steady state practically identical 
inside and outside cells, but is within the cells the first link in a 
system of phosphoric compounds which are constantly being 
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built up and degraded and for which the cell wall is truly im- 
permeable. 

The idea that a similar mechanism might be responsible for 
the large excess in potassium concentration inside most cells 
was of course tempting and was given some support by the dis- 
covery (Hahn and Hevesy 1941) that in certain cells (muscle, 
liver and others) a large fraction of the potassium present would 
exchange extremely slowly if at all with radioactive potassium 
added to the extracellular fluid. The difficulties in the way of 
such a conception are formidable, however. It is agreed on all 
sides, and has been abundantly confirmed by exjieriments with 
heavy water in the last few years, that almost all cells in animals 
and plants are freely permeable to water, and this involves a 
definite relation between inside and outside total osmotic pressure. 

In most mature plant cells we have a rigid, but freely per- 
meable, wall of cellulose or some allied substance outside the 
protoplast proper, which latter is usually present as a continuous 
layer covering the inside of the cellulose wall and enclosing in its 
turn a large vacuole containing the cell sap. Prom giant cells 
like those of many Characeae the cell sap can be isolated and 
analysed and is shown to be a solution mainly of free in- 
organic ions with a small admixture of organic substances. 
(CoLLANDER 1930, 36, 39). Owing to the mechanical support 
rendered by the cellulose wall the total osmotic pressure can be, 
and usually is, much higher than in the outside fluid. The hydro- 
static pressure inside the cells reaches such a height that the 
movement of water outwards is equal to the osmotic flow in the 
opposite direction. This makes the cells very rigid and it is not 
an infrequent occurrence that the internal pressure bursts open 
the cell. As in these cells the protoplast is slightly permeable to 
both anions and kations, while the inside concentration especially 
of potassium is maintained at a level up to several thousand 
times the outside, it seems necessary to assume an active transport 
(an “adenoid” activity Overton (1896), Collander) transferring 
ions and above all K'*' from the low outside to the high inside 
concentration. Lu-ndegArdh (1940) attempted to picture a me- 
chanism by which such transport can take place, but I fear it 
must be admitted that the picture is incomplete and highly spe- 
culative. I shall return to it at the end of this paper. 

When plant cells are exposed to solutions of non penetrating 
or very slowly penetrating substances and of higher osmotic 
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pressure than that of the cell sap they contract hy losing water 
to the outside until osmotic equihbrium is reached, and it is 
seen that the protoplast itself offers no significant mechanical 
resistance against changes in cell volume. 

In almost all animal cells, there is no mechanically resistant 
cell wall and no large vacuole containing cell sap, but the cell 
water contains osmotically active substances, and a practically 
perfect osmotic equilibrium with the surrounding solution is a 
necessary consequence of the free permeability of the surface 
layer for water. This is what has been demonstrated again and 
again for red blood cells, in which volume changes are induced 
by concentration alterations of the surrounding solution and are 
found to correspond quantitatively to such alterations. An osmo- 
tic pressure equal to that of the surrounding solution, that is 
corresponding in warmblooded animals to about 0.9 % NaCl 
(= 154 millimoles (mM) per liter), cannot possibly be obtained 
from organic slightly dissociated or complex potassium com- 
pounds, and the two significant facts viz.: The presence of a 
high potassium concentration and the existence of an osmotic 
pressure corresponding to that of the bathing solution are only 
compatible with the existence of the whole or a large fraction 
of the potassium as free K"*". As shown by Hevesy the S’*" can 
diffuse slowly through the protoplasmic surface and must large- 
ly become lost in the course of a few days, unless it is replaced 
by some active transport from the low concentration outside 
towards the high concentration inside. 

We have to account further for the fact that not only is K"'" 
retained inside the cells, but at the same time Na'*' is kept out, 
although it has been shown by experiments with radioactive 
isotopes to be able to diffuse slowly through the protoplasmic 
surface (Hahn and Hevesy 1941). This again appears to require 
some mechanism for active transport of sodium ions in the op- 
posite direction. 

The experiments to be described in the present and following 
papers were undertaken to establish the fact of such active trans- 
port and to obtain information, if possible, regarding its mecha- 
nism and regulation. 

I had hoped to be able to study tissue cultures, but sufficient 
material could not possibly be obtained from these, and on the 
advice of dr. Albert Fischer I selected for the preUminary 
experiments the Chorion membrane from hens eggs incubated 9 
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days. At this stage the embryo, the amniotic fluid and the yolk- 
are surrounded by a double membrane consisting of an outer 
(ectodermal) and an inner (entodermal) epithelial layer and be- 
tween the two there is a loose network, richly vascularized, of 
primitive connective tissue cells. Between these cells there exists 
a continuous extracellular space. I have spread such membranes 
without undue strecthing, cut out discs of known area with a 
corkborer and weighed these in the fresh state and after drying 
to constant weight. The moist weight is quite variable (10—15 
mg/cm^ in my determinations on membranes about 1 hour after 
removal from the egg), while the two samples dried gave respec- 
tively 0.69 and 0.67 mg/cm^ 

Dr. Albert Fischer very kindly prepared for me some sec- 
tions (5 thick) of the chorion and photographed selected parts 
at a magnification of 120. On these photos I have made a few 
measurements of the membrane thickness and counted the stain- 
ed nuclei. These measurements are very rough, involving only 
a membrane surface area of 4,300 /.i- and a total count of 581 
nuclei, but sufficient to give an approximate idea of the rela- 
tions. 

The average thickness as measured works out as 156 /{ in sa- 
tisfactory agreement with the fresh weight determinations of 
10 — 15 mg cm“ and corresponding to an area of 65 cm= per g 
fresh weight. Of the measured thickness the surface epithelium 
on one side makes up about 9 /< and on the other only about 
1 // or a total of 6.5 % of the whole. The total number of nuclei 
is about 10° per g fresh weight of which I found 40 % in the thick 
epithelium and 9 in the thin. 

Of the 51 % internal nuclei I found 43 % in the connective 
tissue and 8 % in a blood vessel. 

The 4 epithelial surfaces exposed to the bathing solution have, 
as a result of the irregularities, probably an aggregate area per 
sq. cm of 6 cm- or 320 cmVg fresh weight. 

In 1 g tissue the volume between the two epithelial layers is 
about 0.94 ml, but the cells make up only about 0.3 ml the rest 
being extracellular, as found in experiments given below. 

If we take the 4 X 10° cells occupying this volume to be spheres 
the radius of each works out at 5.5 fi and the total surface of all 
at 1,600 cm®. The cells are very far from being spheres, and 3.200 
cm® is a more probable estimate for their total surface. This 
would make the epithelial surfaces just 10 % of the internal. 
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65 

while the volumes are in the ratio — . It can be safely stated that 

the connective tissue cells constitute the preponderant element 
in the membrane, while the two layers of epithelium make up a 
fraction which is far from negligible. 

The amnion fluid normally bathing the membrane is a clear 
solution containing about 12.5 mg dry substance per ml of which 
7 mg is inorganic. We have found it to contain reducing substan- 
ces corresponding to 40—50 mg% glucose, 7 mM potassium and 
a total of 125 — 135 niM kations. These determinations were not 
made until the experiments were practically finished and these 
were carried out in normal Tyrode solution with a kation con- 
centration about 150 mM. 

General Methods. 

I have received the Chorion membranes (usually from 20 eggs) 
from dr. Fischer’s institute, where eggs at this stage are regularly 
opened for preparation of embryo extracts. They are removed asep- 
ticaUy, cut into pieces of some 20 sq. mm., to facilitate the access of 
the experimental solutions to the extracellular spaces between the 
epithelial membranes, and transferred to sugar and potassium free 
Tjaode solution in which I receive them on an average 1 hour after 
the preparation. They are then rinsed several times in the same solu- 
tion and transferred to the experimental vessels. In this process 
the smallest pieces of tissue, which sink slowly, 
are removed. 

The Tyrode solution normally used is made up 
as follows: 4 ml 20 % NaCl + 4 ml (0.5 % CaCl, 
with 0.25 % MgCla) are diluted with redistilled 
water, 2 ml 5 % NaHCOa with 0.25 % NaH 2 P 04 . 

HoO are added and the volume is made up to 
100 ml. To this solution suitable volumes of isotonic 
KCl, isotonic glucose or saccharose or isotonic so- 
dium thiocyanate can be added. 

A series of preliminary experiments using dif- 
ferent procedures and containers gave the result 
that the respiratory metabolism of the membranes 
thus treated and supplied with potassium and 
sugar would keep approximately constant for at 
least 5 hours at 38° C. 

In the final series of experiments the membranes 
were distributed into 1 — f containers as shown in 
fig. 1 and centrifuged at 500 — 1,500 rev./m for 
O’ minutes. The supernatant fluid was sucked off 
and the containers "weighed to obtain the moist Fig. 1. 
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wciglit of the membranes in each. To one or more of the rontsire.-^ 
IS then added a fmorm Tolume of Tyrode solution containina either 
'oiium iliiocyanate or saccharose or both in suitable concentrAtiiu 
to determine the extracellular space of the of inemljranes. 

T pve a.n e.xample the experiment nmde on Jan. 27 in t-rhi^h 
conditions were unusually complicated and the ncreement untFuiUr 
poor. The macs of membranes weighed at lO'-’' S.'iu g. To this wj'* 
added 3 ml of a T^iwode solution (A) containing 100 relative units of 
CX5 and 100 of .caccharoce, {The aetual concentrations v.erc 8 mM 
thiocyanate and 78 ing^o saccharose). .After mixing for 23 mintiteji 
at 3r' and centrifuging the relative concentrations in the supernatant 
fluid were determined "at 11” as 00 and 5G.5 respectively from which 

1 calculate e.xt.'-acelUdar volume^ of ^ o.o and 2,ss ml rc- 

00 

-pectively. Zs’urnerou® experiments have shown that a complete mix- 
ture of the added fluid with the extracellular solution is obtained m 
15 minutes. The specific pra\'ity of the solution is l.eOTj and the weight 
of the cells works out as l.oe and O.ro g respectively, A 2.cto ml {‘ample 
Avas taken and replaced by 2.oo ml fresh solution and at 12*'* a fre^h 
•samjde was drawn. This gave the relative concentrationc 73 for thm- 
ryanate and 61 for saccharose. Calculated from the result*' at 
the concentrations .should liavc been resjiectively 70 and 73. This 
difference is takmi as indicating a contraction of the cells which ar< 
.supposedly reduced from about O.e to about 0,cr> g. At this point the 
supernatant fluid asms .sucked off and 4 ml .solution B containing nei- 
ther CN'S nor saccharose added, mixed at room temjH'rature for I.’» 
minutes, centrifuged and sucked off. The Avcight of the maw of mem- 
branes noAv amounted to only l.T-t g. Again 2 ml of the sohuiou B 
Averc added and the mixture left at 7' for 2.9 hour.s until 15"*. Ann- 
ly.sis of tiie fluid noAv gave relative concentrations of C’NS 11 and of 
saccharose ll.s and the AA-cight of the mass of membranes Avas 1,T2 g. 

2 ml of .solution X added and after 0.9 houri' the rnneentratious 


AA'cre found to be respectively CS and 65 •'> from A'/hich J find extra- 
cellular volumes of l.gs and 1.2'= rc.spectiA’ciy. corresponding to rellu- 
!ar AVfiglsts of fi.is and 0. g. 

It i' a perfectly regular occurrence that the masA of nscinbr.wsf' 
rontr.iet*! during the exjteritnents. and dr, Fischup. informs me thru 
the same hapjiens in tissue cultures cut loose fr^ifn the sub 'tmc. ilr 
find' an initial rather large contraction and a floAA' after effw-t, t!>e 
latter rorre?pe>ridtng to my obserA'ations. In this purtieuhir case the 
contraction reduced not only tlm cxtr.acelhilnr .sfac**. but app.ip''ntlA* 
also the c-elLs Ih-ems'dvc-, but in r-e-.-cml other t'X|e'nments fsimilrr 
< .alculation? have shoAvn only an extracellutar e-ontniction. avIJIc thccelb 
retained tin ir volume. This latter .scejns to be the css.'s Avhe-n c'UuJib’fin*' 


igniuc.ant difference.^ may be ob«»’rvcd. Fignrca indseatu g a 


the ce 


IIs bv potvssium alrorptoinbriA'cjiot i-f-n umt wuh lio'/rw; 
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In the experiments proper the changes in composition of the total 
extracellular fluid were followed by analyses of potassium, total kat- 
ions and usually glucose. Again I select as an example the experiment 
of Jan. 27 carried out on 1 sample only. The calculations are presented 
in the form of table 1. 

The observed concentration changes depend only upon the analytic 
accuracy discussed in the subsequent section. There can be no doubt 
therefore that potassium is removed from the extracellular fluid into 
the cells at 38° with access to glucose and moves in the opposite di- 
rection during the intervening period at low temperature without 
sugar. The figures representing the quantities so transferred depend 
also on the relative volumes of cells and extracellular fluid and are 
therefore liable to somewhat larger errors. 

When potassium ions are transported into a cell they must either 
be accompanied by an equivalent number of anions or be exchanged 
with an equivalent number of other kations. In the first case a cor- 
responding volume of water must be osmotically attracted and a 
swelling take place which leaves the osmotic concentration on either 
side unchanged. In the second case both the cell volume and also the 
osmotic concentration on both sides will remain unchanged. 

In the experiment reported in table 1 a significant increase in kat- 
ion concentration of the extracellular solution is observed in periods 
1, 2 and 4, while the changes in the remaining periods 3 and 5 are 
within the limits of error. This requires an explanation and two pos- 
sibilities present themselves, viz. An intracellular increase in organic 
molecules small enough to be osmotically active, but of such nature 
that they cannot diffuse out, or a liberation of inorganic substances 
pre%dously combined in such a way as to be osmotically inactive. 
No material is available to show definitely that any of these possi- 
bilities offers the true explanation. 

In certain experiments I have endeavoured to trace the potassium 
further inside the cells. Determinations were made according to two 
different methods. In one a suitable sample (about 400 mg) of the 
tissue available at the end of an experiment was weighed into a pla- 
tinum boat, dried completely and the dry substance determined by 
weighing. The boat was then placed in a quartz tube in a small elec- 
tric oven and ignited in a current of air. When only a small amount 
of carbon was left a small drop of molar hydrochlorid acid was added 
and evaporated off before the ignition was completed, so as to convert 
carbonates to chlorides, as I have found it impossible to obtain car- 
bonates of constant weight by ignition. Finally the ash was weighed 
to O.oi mg and dissolved in 2 ml distilled water. On this solution po- 
tassium was determined. Taking the amount of extracellular water 
and its potassium content as known the cellular concentration could 
be figured out. 

In the second method a large sample of tissue (5 — 8 g) was put into 
liquid air and finely pulverized. The frozen powder was transferred 
to a cellophane bag for ultrafiltration in the centrifuge according to 
Rehbebg (1943), and the filtration carried out at a temperature of 

14 — i32126. Acta pliys. Scandinav. Vol.6. 



Tftblc 1. 

Jan. 27. Chorion membranes. Fresh weight IJ.Ol g. 

Solntion A: Tyrodo with 13.6 mM K, 84 mg.-^ ginrose, 78 mg^ sacch.aro.so and 8 niM NaCNS, 
Solution B: Tyrodo without K, sugars or thiocyanate. 

Experiment first at 88’ with potassium, then at T without and finally at 38'’ with K"*'. 
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0° (Jr 0 . 3 "') to guard against any breaking up by enzymes of organic 
compounds. On the ultrafiltrate I have determined specific gravity, 
kations and in a few cases total osmotic pressure directly, and finally 
a sample of 400 /d has been evaporated down to dryness in a plati- 
num boat, weighed, ashed (with a small drop of n HCl), again weighed 
and dissolved in 2 ml Avater. On this solution the potassium deter- 
minations were made and the results distributed on cells and e.vtra- 
cellular fluid as above. 

As an example the experiment of Febr. 17 is reproduced. The mem- 
branes from about 60 eggs were distributed nearly equally into 4 con- 
tainers and exposed to potassium and sugar free Tyrode solution. 
To two of these NaCNS was added at once, to two others about an 
hour later, and in all the volume of extracellular fluid Avas determined 
from the observed dilution of the thiocyanate. The specific gravity 
of the extracellular solution was l.ooig and the corresponding Aveights 
are gh^en in table 2. In the two hour experimental period a total of 
33 microequivalents (/rE) of K+ was gh’^en off from the cells, Avhile 
the kation concentration of the extracellular fluid remained almost 
unaltered (a total increase of less than 10 ^aE). The cells Avere finally 
in approximate “equilibrium” with a fluid containing on an aA^erage 
1.G5 mM K and 157 mM kations. 


Table 2. 


Containers 

m 

B 

C 

D 

Total 

Weight IP® 

g 

3.381 

3.015 

2.915 

3.128 


AVeight of extracell, fluid . 

g 


2.305 


2,47 


Weight of cells-calculated . 

g 


0.65 


0.66 


AVeight 12^® 

O 

2.342 


1.944 



AVeight of extracell, fluid . 

g 

1.58 


1.52 



Weight of cells-calcnlated , 

g 

0.76 


0.425 


2.495 g 

Final Aveight 13*® .... 

g 

2.134 

1.840 

1.721 

2.171 

7.866 g 

Cell Aveight per cent of final 

. 

35.6 

35.3 

24.7 

31.2 

31.7 r. 

Final AA-eight extracellular . 

g 

1.474 

1.J90 

1.296 

1.51 

5.47 g 


Of the final mass of membranes a sample of 384 mg was dried and 
found to contain 28.5 mg dry substance and consequently 355.3 mg 
Avater. The dry substance gave 3.91 mg ash. This ash Avas dissolved 
in distilled water and determinations of K"*" and total kations made. 
Assuming the ash to be dissolved in the water originally present in 
the tissue sample Ave should have 359.4 mg solution with a volume 
of 357 fil. For this solution a K content of 10. o juF and a total kation 
content of 56 /tE Avas calculated. According to table 2 the weight of 
the sample can be distributed Avith 31. v per cent or 122 mg on the 
cells and the rest 262 mg on extracellular fluid. The corresponding 
water content Avill be approximately 95 mg in the cells and 260.5 in 
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the extracellular fluid. The extracellular fluid of the composition mven 
above would thus account for O.-is K+ and 4-1 «E kations and for 
the cells would be left 10.2 K+ and 15 fiE kations divina concen- 
trations of 107 mM K+ and 158 mM kations. 

The ultrafiltrate from the mass of tissue left after the experiment 
showed the following concentrations: Thiocyanate 37..'. relative units, 
kations 159 mM, total osmotic concentration 160 mM and K+ 15 
mM. The final extracellular concentration of thiocyanate being 51..'. 
it is calculated that 27.5 % the filtrate comes from the cells and 72.5 % 
from the extracellular fluid in very good agreement with the result 


calculated from the relative 


weights (water ----- = 26.7 % from 


cells). 

The cellular K+ concentration is found from 


27.5 X + 72.5 • 1.C5 = 1,500 
1380 

X = — — = 50. 

27.5 


The large discrepancy between the K+ determinations on the ash 
and the ultrafiltrate respectively must be due to a gross erorr on the 
former, not noticed at the time and therefore not controlled by a re- 
petition of the determination, as other similar determinations have 
shown that in this case the concentration calculated from the ultra- 
filtrate must be much nearer the truth. Two ashings were carried out 
on the ultrafiltrate giving, ■with very good agreement, 14.1 mg dry 
substance and 9.13 mg ash per ml. The sum of Na'*' and K+ found 
and calculated as chlorides would give a weight of 9.5 mg. 


The anahjtical procedures employed. 

Potassium is determined by titration as iodoplatinate, mainly ac- 
cording to the directions from the Carlsberg laboratory (Norberg 1938). 
Samples of the solutions to be determined are measured off into quartz 
micro test tubes by Carlsberg pipettes of suitable capacity from 399 
jjX downwards to 120 according to the concentration expected. To the 
smaller samples a suitable amount of pure NaCl is added so that the 
total kation concentration is about equal in all samples. This was found 
to give the most uniform results. The samples are evaporated down 
and ignited in an electric oven at 450° C, and when most of the car- 
bon has disappeared after about IVi hour a small drop of normal HCl 
is added, evaporated off and the ignition completed when the samples 
are again dry. Special experiments have shown that no significant 
amount of ash is lost by evaporation during a period of several hours 
in the oven. After cooling 2 ml distilled water is added to each sample, 
and after a suitable time for solution 1.5 ml are drawn off and trans- 
ferred to centrifuge vessels with a pocket at the tip holding some 
10—20 fi\. 0.1 ml 2 % HsPtCl*, 6HiO is added to each and the con- 
tent evsiporated to complete dryness in a waterbath at- 100°. The dry 
residue is washed thrice in the centrifuge with 2, 1 and 1 ml absolute 
alcohol. 
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The few droj^s of alcohol left over, from the final washing are re- 
moved by evaporation at 60°, and to each vessel is added O.r. ml of 
a buffer solution (pH 6.ns) and O.i ml 3 % potassium iodide. Accord- 
ing to Horberg the colour of potas.sium iodoplatinate normally takes 
half an hour to develop, but we have found it to require more time 
and variations appear to be rather frequent. After several trials of a 
photometric estimation .1 have preferred a titration with thiosulphate 
which, however, also leaves much to be desired. Washing with the 
buffer solution I transfer the samples to numbered test tubes all hav- 
ing the same, diameter and dilute them with the same buffer solution 
to approximately the same colour intensity so that 1 /<E of K+ is 
present in about 2 ml. By the titration the colour changes from wine 
red to greenish yellow, and the end point is determined by comparison 
against a white background with a test tube charged with brom-thy- 
mol-blue in a phosphate buffer at pH 6.25. As the shade of colour of 
the dye solution cannot be made identical with the fluid titrated the 
analyst must select the concentration and pH which he finds most 
convenient. I have titrated quantities of 2 — i ^uE with 7 niM thio- 
sulphate in a 2 ml burette and smaller quantities usuall}’’ with 3. 5 mi\I. 
In almost every case one to three known solutions of potassium chlo- 
ride are titrated along with the samples from an experiment and the 
results obtained on these, minus the titration value of a blank, used 
to calculate the unknowns. The titration value of 1 /iE of K+ usually 
varies between O.ias and 1.44 ml. The final accuracy obtainable is of 
the order ± 5 %, but it cannot be denied that larger deviations are 
by no means rare and have most often been found inexplicable. 

T/ie sum of kaiions is determined electrolytically according to the 
method of Adair and Keys in the modification recently described 
from this laboratory by Holsi-Jensen (1943). The kations are trans- 
ferred by amalgamation with mercury to a known quantity of acid 
(1 ml, 20 mM) and titrated with 0.2 n NaOH using methyl red as 
indicator. Determinations are made on O.i ml solution of the normal 
plasma concentration (about 150 mM). The accuracy is about 0. i ijfE. 
The alkali metals are transferred quantitatively, calcium to the extent 
of 90 — 100 % and magnesium only between 20 and 50 %. 

Glucose is determined according to Hagedorn (1935). The accuracy 
is about 2 mg %. 

Saccharose. Two identical samples are taken. One is directly pre- 
cipitated and a glucose determination made. To the other is added 

1 ml HCI and the mixture is boiled for 10 minutes to invert the 

saccharose. After cooling it is neutralized with 1 ml ^ HaOH and 

precipitated as above. The difference between the two titrations is 
calculated as saccharose. Relative values only are needed for estimat- 
ing the extracellular space and with the concentrations used the ac- 
curacy is about 2 per cent. 

■ Thiocyanate. A sample of suitable volume (O.i — 0.2 ml) is precipi- 
tated with 1 ml 10 % trichloroacetic acid. After standing a few hours 
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it IS centrifuged. O.s ml are pipetted off with a Oarlsherg pipette and 
transferred to another test tube to which is added 1 ml water and 0.:. 
ml Crandalls reagent (quoted from Lavietes ct al.) giving a reddish 
colour proportional to the CNS concentration. The depth of colour is 
determined by photoelectric colorimetry. The accuracy is about 1 
per cent. 

The total osmotic pressure has been determined in a few cases accord- 
ing to the thermoelectric method of Balbes (1934) as modified in 
this laboratory (Kkogh 1939, p. 211), and in a single instance accord- 
ing to the method of Ursprung and Blum (1930) by measuring the 
change in length of columns of solution in capillary tubes, which has 
also been modified here so as to give an increased accuracy. The B.al- 
DES method is accurate to 1 mM. The modified Ursprung and Blum 
method is accurate to about 3 mM. 


Results. 

A presentation of the results is conveniently started by com- 
paring the experiment of Febr. 17, given in detail above, Avith 
a similar one of March 10 in Avhich the membranes after the 
usual washings were treated for about 2 hours at 38° with Ty- 
rode solution having at the start a concentration of about 13 
mM potassium Avhich was reduced during the treatment to an 
average of 5.4 mM. The kation concentration in the extracellular 
fluid remained practically constant throughout at 151 mM. 

To the measured fall in extracellular K"*" corresponded an 
uptake into the membranes of 140 or 16 //E per g Avet Aveight. 
The total quantity found in the tissue at the end of the experi- 
ment amounted to 47 /lE/g against 27 /lE in the exp. of Febr. 
17 in Avhich about 4 /<E per g had been lost to the surrounding 
solution. 

According to the thiocyanate determinations 100 g membranes 
should contain 57.4 g extracellular fluid and 42. G g cells con- 
taining respectively 56.8 and 33.2 g AA^ater. 

The distribution of the on extracellular (5.4 mM) and 
intracellular Avater gives for the latter a K"*" concentration of 
132 mM. Analysis of the ultrafiltrate gave per g Avater 41.5 /lE 
K'*’ and a corresponding distribution gives 116 mhl for the 
concentration of the cell Avater. 

The difference between 132 and 116 exceeds the analytical 
error to be expected and might be due to the presence in the 
cells of organically bound potassium liberated by the ashing, 
but it may also be’ascribed to a slight preponderance of extracel- 
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lular fluid in tlie ultrafiltrate, a possibility wMch cannot be ruled 
out. Special experiments have failed to reveal tbe presence of 
any kations in osmotically inactive combination, but are not 
sufficient to disprove it. In any case tbe two experiments, taken 
together with a couple of similar but less complete ones, show 
that the chorion cells contain the ions of K"*" and Na'*' in the 
free state, that these, together with the undetermined anions, 
make up a very large fraction of the total osmotic pressure (prob- 
ably more than 95 %), that the diffusion processes going on all 
the time tend to equalize the concentration of each of these on 
the two sides of the protoplasmic membrane of each cell, but 
that the diffusion is balanced by an active process, requiring 
energy, which transfers potassium ions from the extracellular to 
the intracellular solution and sodium ions in the opposite direc- 
tion. 

My experiments cannot give any information concerning the 
mechanism of this active transfer, but a few points concerning 
the conditions have been more or less estabbshed. 

In one experiment one sample of membrane was washed twice 
with a Tyrode solution containing neither calcium nor potassium, 
another with calcium (1.8 mM), but without potassium. They 
were thereupon rotated for 4 hours at 38°, one without, the 
other with calcium, and both without potassium and sugar. 
The first lost 5.6 //B K'*' per g fresh weight, the second 5.9 and 
the extracellular K'’’ concentration rose to 0,7 mM. 

When glucose was added to a concentration of about 100 mg% 
and KCl to a concentration of 3.9 mM, was rapidly absorbed, 
viz. 18 fiM. in 85 min in the Ca-free and 21 with Ca reducing the 
concentration in both cases to about 0.8 fiE, A renewed addition 
of sugar and KCl resulted in a further uptake of 7 fiE without 
and 5.5 fiE with calcium in 2 hours giving final concentrations 
of 2.6 inM and 3.2 mM respectively. The amount of sugar used 
up was slightly less without Ca’’"'^ than with. Calcium con- 
centrations were not determined and it is possible that the tissue 
may have contained enough to compensate the loss, but so far 
as it goes the experiment does not indicate any influence of cal- 
cium either on the loss of potassium by diffusion or on its active 
absorption. 

The chorion membranes at 38° use up glucose at a fairly rapid 
rate corresponding usually to from Vs to 1 mg/hour per g fresh 
Aveight or 7 — 20 mg/h/g dry substance, Avhile only about or 
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less CRH 1)6 Recounted, for by tlie simult-Rneous Rbsorptiou* 
The uptRke of potassium is rapidly reduced and may fall to 0 
when glucose is removed, hut I have found no relation between 
the rate of potassium uptake and the glucose consumption, and 
I suppose therefore that the energy involved in the uptake is 
probably only a fairly small fraction of the total meta1)olism. 
Even in the presence of glucose potassium is given off to a po- 
tassium free solution at 38°, but the concentration does not rise 
beyond 1 m!M. 

In one experiment lactic acid (100 mg%) was substituted for 
glucose and a rapid uptake of was observed, but no deter- 
mination was made of the consumption of lactic acid. 

At a low tp. (3° — 7°) the membranes lose potassium at the 
rate of 1 ^uE/g/h or even less, and the amount of glucose catabo- 
lized is reduced to less than 0.1 mg/g/h which is within the limits 
of experimental error. 

An oxidative breakdown of glucose does not appear necessary 
for the potassium uptake, but the experimental results are not 
quite consistent, and the uptake is no doubt retarded by oxygen 
lack while sugar disappears at a greatly increased rate. 

In one set of experiments the usual containers were filled with 
a nitrogen atmosphere containing 1.0 % 0, and 1.7 % COi. In 
this case no uptake of K'*' was observed, and in one period even 
a slight loss to an outside concentration of about 5 mM and with 
glucose 250 mg % or lactic acid 109 mg %. The glucose consump- 
tion rose to 2.3 mg/hour per g initial weight. When oxygen (about 
50 %) was added a rapid uptake took place and the sugar con- 
sumption was reduced to less than 1 mg. 

In another set of determinations the atmosphere was varied 
between 2 and 4: % and finally 50 % were given. In this case 
there was a definite uptake at the low Oj concentrations, but 
higher with 4 % than with 2 and again increased with 50 %. The 
sugar consumption was high both in 2 % and in 4 % oxygen 
without any significant difference and fell to less than */, in 
oxygen. 

On account of the consumption the Ojpressure must have been 
definitely lower in the cells, but a little oxygen has been avail- 
able all the time, and an experiment was therefore made with 
special small containers (8 ml), which could be completely filled 
with solutions saturated beforehand with nitrogen (containing 
about 1 % 0»). The trace of 0. present (2 //I) is used up in a few 
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minutes and the conditions become completely anaerobic. In 
spite of this the cells took up much K+ from an initial concen- 
tration of 11.5 mM. In one container 3.3 g membranes absorbed 
27 /(E in 1 hour, while in another the same quantity took up 
only 22 in 1.9 hours. In the following period with oxygen 
the first sample absorbed a further 23 in 45 m., the second 
only 7 //E. It would appear that the second sample became dam- 
aged by two hours anaerobiosis. A high concentration of glucose 
was present in both cases and the usual large amount cataboliz- 
ed anaerobically. 

Discussion. 

Even if it is not possible to form any consistent picture as to 
how the active transport of ions can be brought about certain 
conditions can be defined which appear necessary. 

The ions to be transported must enter into a fairly stable and 
specific combination with organic molecules in the very surface 
of the protoplasmic membrane of each cell. Any unspecific reac- 
tion or structure would be unable to account for the different 
behaviour of the membrane towards the two not very dissimilar 
ions and Na"^, 

From the quantitative relations described above it is evident 
that the connective tissue cells must be active in the transport 
and there is no reason to doubt that the power is shared by the 
epithelial cells. 

It is convenient, even if the true mechanism may be quite 
different, to visualize the boundary layer, surrounding each cell 
and representing the medium through -which the exchange takes 
place, according to the model proposed by Lundegakdh and 
sho-wing essential similarities to the Langmuir films. It is taken 
as made up of long micellae or molecules placed at right angles 
to the surface. In a Langmtur film all the micellae are of the 
same kindj but Lundegardh considers the boundary layer of 
plant cells as a mosaic containing both indifferent micellae and 
others spaced at certain intervals which have at one or both 
ends very definite affinities. For the plant cells studied by Lun- 
degardh it is only necessary to assume different micelte -witli 
kation and anion binding powers, but in the animal cells here 
under consideration it is necessary to postulate much more spe- 
cialized micellae, capable of binding specifically K'*' and 
respectively. The boundary film must not be looked upon as a. 
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static structure. Just as in Langmuir films the single micellrc 
turn round occasionally, and an ion combined to one end, say 
•at the outside, -will at intervals be presented on the inside face 
and may be split off. Such a structure may accoimt for the “dif- 
fusion” exchange of ions and may also assist in the "active trans- 
port”, if energy and machinery are available inside to reduce 
or increase the force with which ions are bound. 

In the cell boundar)’- layers here considered the micelhe re- 
sponsible for potassium uptake can be spaced at, comparatively 
speaking, very considerable distances apart. 

In one experiment the rapid uptake of 138 juE by 8.5 g cells 
in 108 minutes from a solution containing from 7 to 13 mM K. 
was noted, corresponding to 2.5 x 10~® ^E/g/second or 1.5 x 10’* 
individual ions/g/second. Assuming the low figure given above 
of a total surface of 3,500 cm® for 1 g cells, and assuming further 
the very infrequent uptake at each active point of 1 individual 
K'*' ion per second, the total of 4.3 X 10” ions/cm®/sec can be 
accounted for if the points are evenly distributed at intervals 
of 150 Angstrom (1 A == 10"® cm). It is probable that the points 
are much further apart, and this might help to explain the fact 
that at outside concentrations not much below 1 mM the active 
uptake cannot balance the diffusion. 

The mechanisms for active ion transport here under discussion 
require some kind of regulation. The experiments show that 
can be absorbed from dilute solutions down to 1 mM or less, and 
if such absorption went on, without inhibition of some kind, 
from the concentrations present in the tissue fluids (about 7 mM 
in the amnion fluid of the hens egg) the cells could not avoid 
swelling by the water osmotically attracted. 

It is conceivable, although a priori rather unlikely, that the 
actual concentrations found in the organism represent a balance 
between diffusion and capacity for active transport. If so any 
change in the kation concentrations of the blood and extracellu- 
lar fluid would upset the balance and cause considerable changes 
within the cells. 

It appears possible that cell volumes (or surface areas) are 
regulated, that an active uptake of potassium ions is induced 
when the volume of a cell becomes reduced — e. g. by an increase 
in the osmotic concentration of the extracellular fluid. This 
would cause an osmotic attraction of water along with the po- 
tassium uptake until the original cell volume was restored. Con- 
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versely the swelling of a cell might stop the active uptake and 
allow potassium to diffuse out until the volume was again brought 
back to normal. 

It appears possible finally that the ratio between K+ and Na+ 
in solution vdthin the cell is involved in the regulation and that 
a change in this ratio sets the machinery in motion. 

A choice between these possibilities requires further experi- 
mentation for which the chorion membranes are unsuitable, both 
because two different cell types are involved, but also and espe- 
cially because cell volumes cannot be determined with any satis- 
factory accuracy. Experiments on red blood corpuscles are in 
progress to study these regulation problems and will be reported 
on in a subsequent publication. 


Summary. 

The fact that living cells both in animals and plants are ge- 
nerally permeable both to kations and anions makes it neces- 
sary to investigate the mechanisms by which the large differen- 
ces in concentration of single ions inside and outside cells are 
maintained. 

As a consequence of the general and free permeability for 
water the osmotic pressures inside and outside animal cells must 
be identical, and this involves the presence of at least a large 
fraction of the ions in the free state, because no other substan- 
ces are available to reach such high concentrations. 

Methods are described to study the transfer of ions between 
cells and extracellular fluid in isolated chorion membranes from 
the hens egg, to prepare ultrafiltrates from these membranes 
and to distribute the ions determined on cells and extracellular 
solution. 

The chorion membranes are made up of two layers of epithe- 
lium and a loose network of primitive connective tissue cells with 
large extracellular spaces. Approximate measurements of num- 
bers and dimensions of the separate cell types are presented. 

It is found that prolonged washing Avith potassium free Ty- 
xode solution will reduce the content of the cells to about 
half the normal (50 millimoles), the being replaced by Na"^, 
while will be absorbed by the cells from the outside solution 
containing at the start 15 to 3 mM down to concentrations 
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of 1 niilliinole or less, raising the concentration of the ultrafiltrate 
from the cells above 100 millimoles. Simultaneous! v Xa"*' is 
rcmoA'ed from the cells against the out.side concentration of about 
150 niM. 

The two ions together with the undetermined anions make up 
a very large fraction of the total osmotic pressure of the solu- 
tion in each cell. 

The active transfer of ions in both directions requires energy 
which appears to be provided mainly by non oxidative break- 
down of carbohydrate and can go on at least for some time in 
the absence of free oxygen. 

At low temperature (3 — 7°) the active transfer is reduced or 
aboli.shed and the diffusion tends to equalize the concentration 
of each ion across the protoplasmic boundary film. 

It is pointed out in the discussion that specific structures and 
mechanisms involving a binding of the ions of elements in the 
boundary film must be assumed, to account for the active trans- 
fer. The mosaic membrane model proposed by Luxdeo.\rt)ii 
is discussed and it is shown that the “points” responsible for 
potassium uptake are probably spaced at comparatively large 
distances apart. 

The possible mechanisms for regulating the transfer arc l)ricfly 
discussed. 

The author is greatly indebted to dr. Albert Fischer of the 
Carlsberg Foundation Biological Institute for his constant help 
and advice and also to dr. I. HoLM-dEXSEN and Miss A-L. Linb- 
BERG of this laboratory who carried out with great care much 
of the analytical work involved. 
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Introduction. ' 

In 1913 VAX Slyke found that protein-free tissue extract.? 
showed a higher content of amino N than did deproteinized plasma. 
Since the amino N of these extracts was only slightly augmented 
by acid hydrolysis, he concluded that the amino N came from 
amino acids and only to a very slight extent from peptides. This 
would mean that the living cells contained a 4 — 10 times higher 
concentration of free amino acids than the surrounding medium, 
and this view has since been commonly held (compare Luck 
( 1928)). No explanation for this peculiarity has as yet been given. 

In a previous paper (UssiXG (1943)) it -was shown, that the high 
amino N content of red corpuscles originated for tlie greater part 
from glutathione. Indeed the amount of real amino acid was found 
to be the same in the Avater-phaset of plasma and corpuscles. 

In most tissues glutathione is present in abundance (255 mg % 
in liver, 169 mg % in kidney, 65 mg % in muscle according to 
Fujita and Numata 1938), and as glutathione gives nearly double 
the calculated amount of Nj in the van Slyke apparatus (Hop- 
kins (1929)) it will be seen that an appreciable correction on the 
amino N of the tissues vdll have to be introduced. The fact that 
glutathione gives more than the calculated amount of amino N 
already before hydrolysis may explain Avhy van Slyke (1. c.) 
foimd relatively little increase in amino N on hydrolysis of the 
tissue extracts. 
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From the above considerations it is seen that van Slyke deter- 
minations are unsatisfactory when the amount of real amino acids 
in the tissues is to be determined. Moreover it is not altogether 
certain that all amino acids behave in the same way. The safest 
way to investigate if free amino acids are concentrated in the tis- 
sues would evidently be to determine a suitable number of single 
amino acids in plasma and tissues. No such investigation has 
hitherto been made, but some information may be found scattered 
in the literature: 

Arginine: Arnold and Luck (1933), using the arginase-xan- 
thydrole method, found that mammalian muscle contained 1 — 12 
mg % arginine, corresponding to less than 1 mg % amino N; in 
liver small but fluctuating amounts were found. No figures were 
given because some arginine might have been split by the liver 
arginase. Ajbderhalden (1913) isolated arginine from deprotein- 
ized blood, but the concentration of this amino acid in the blood 
was not determined. 

Histidine: In an investigation of carnosine in mammalian muscle 
ELappelbr-Adler and Haas (1934) mentions that free histidine 
is absent in the mammals. On the other hand 88 mg % histidine 
was found in carp muscle. 

Cystine + Cysteine: Using a colour reaction with dimethyl-p- 
phenylendiamine which is claimed to determine cystine and cys- 
teine even in the presence of glutathione, Fujita and Numata 
(1938/39) determined these amino acids in several tissues. In all 
cases the amount was insignificant compared with the amount 
of glutathione. In the tissues the amount of the amino acids in 
question varied between 0.8 and 13 mg % compared with 0.8 mg % 
in the blood. 

Glutamic acid: Cohen (1939), using a method which involves the 
oxydation of glutamic acid to succinic acid with chloramine-T, 
and subsequent determination of the succinic acid formed by a 
succinic acid dehydrogenase method, found very high concentra- 
tions of glutamic acid in the tissues compared with the plasma. 
For instance guinea-pig kidney contained 94 mg %, whereas 
plasma contained 2.8 mg % glutamic acid. Glutathione does not 
disturb this analysis. 

Glutamic acid is thus the. only amino acid which has been with 
certainty shown to be concentrated in the tissues. 

It is the intention in the present paper to examine some further 
amino acids as to their distribution between tissues and plasma. 
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The amino acids, which were selected for the investigation, were 
tyrosine, leucine and valine. Tyrosine was determined by a modi- 
fied Millon reaction (Aknow (1937)). 

In the case of the lastmentioned two amino acids a micro modi- 
fication of the method of Fromageot and Heitz (1939) was 
worked mit. As the micro method is in some respects profoundly 
different from the macro method it ^vill be described in some detail 
in the following. 


Experimental. 

a) Preparation of Tissue Extracts- 

The experimental animals were killed by cutting the neck with a 
knife. The blood was sampled in a weighed vessel. Each of the organs, 
which were to be examined, was quickly excised and frozen in liquid air, 
weighed and pulverized, first in a cooled steel cylinder into which a 
steel piston fitted and then in a porcelain mortar. During the last pul- 
verization liquid air w'as added and when the powder was sufficiently 
fine 4 volumes of 5 % trichloracetic acid was slowly poured in and mixed 
with the powder. When the resulting mass had melted, 5 volumes water 
(referred to the original amount of tissue) was added and when the 
liquid had attained room temperature it was filtered. 10 ml of filtrate 
corresponded to one g tissue. 

The filtrate w'as concentrated under reduced pressure to about 20 ml 
and after addition of a few drops of dilute HCl it was extracted with 
ether in a continuous extractor. 

After this the filtrate -was concentrated and transferred to a gradu- 
ated tube together with so much water that each ml corresponded to 
one g of tissue. 

The samples so treated were used for the determinations of tyrosine 
as well as leucine -f- valine. 


b) Determination of Leucine + Valine- 

The principle for these determinations is that when amino acids are 
deaminized and then oxidized with chromic acid in acetic acid, only 
leucine and valine will yield acetone. After distillation the amount of 
acetone formed is determined vdth the very sensitive and specific colour 
reaction with salicylic aldehyde. 

In the original method (Fromageot and Heitz 1. c.) the proportion 
between leucine and valine could be evaluated because the hydroxy- 
isovaleric acid (originating from valine) is more rapidly oxidized to 
acetone than is hydroxy-isocaproic acid (originating from leucine). 
The different amount of acetone produced by short and prolonged oxida- 
fion is used for the calculation. 

In the present case, the question being whether or not the tissues 
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do concentrate these amino acids, differential determinations are of 
minor importance. On the other hand the analyses have to be performed 
on small samples of tissue (1—4 g) and the original method vould 
require about 20 times as much. 

Slost of the manipulations may be easily adjusted to small samples, 
simply by diminishing the vessels and the amounts of reagents. 

The only serious dffficulty is the quantitative distillation of acetone 
from a sample not exceeding 1.5 ml. After several vain attempts it was 
found that the distillation could be performed in a Conway rmit. The 
alkaline solution of salicylic aldehyde is placed in the inner compartment 
and the acetone containing solution is introduced in the outer compart- 
ment, which, beforehand, has been provided with enough 30 % NaOH 
to make the oxidizing mixture distinctly alkaline. 

It is necessary that the solution in the outer compartment is made 
alkaline because some of the alcohol which is used to keep the salicylic 
aldehyde in solution in the inner compartment diffuses out into the 
outer compartment. Here it would be oxidized to acetic aldehyde; 
this substance would in turn diffuse back to the inner compartment and 
here it would react with the salicylic aldehyde under the formation of 
a colour which is practically indistinguishable from the colour, produced 
by acetone. According to Fromageot and Heitz (1. c.) the colour pro- 
duced by acetic aldehyde is about 75 times weaker than that produced 
by acetone, but as the available amount of alcohol is some 200 mg and 
the amount of acetone is often less than O.i mg it is obvious that an 
intolerable blank would occur. In alkaline solution on the other hand, 
this formation of acetic aldehyde is brought to a complete standstill. 
The alkali has yet another important function: It keeps the acetic acid 
from distilling into the inner compartment. Such distillation should 
be omitted because the colour intensity is a function of the alkalinity. 


c) Procedure. 

1) Deamination: 2 ml of the sample to be examined, containing less 
than 0.5 mg leucine -f valine/ml is transferred to a pjuex tube together 
with 7 ml water and made neutral to lithmus; 0.2 5 min H2SO4 is added. 
The tube is placed in a boiling water bath and l.s ml of 2.5 % NaNOa 
is slowly run in from a long pipette which reaches the bottom of the 
tube. The upper end of the pipette is provided with a rubber tube with 
a screw clamp to regulate the flow. This process should last 15 minutes. 
The tube is shaken every one minute. After the pipette has been emp- 
tied 1.5 ml 7.5 % urea solution is run in in precisely the same way to 
remove any excess of nitrite. The solution is transferred to a small 
pyxex distillation flask with detachable neck and the water is distilled 
off until only about one ml remains. It is then transferred by a pipette 
to a graduated tube which is filled up to the 2 ml mark with the washings 
from the distillation flask. 

2) Oxidation: 1 ml samples of the deaminized filtrates are measured 
into small glass ampoules (50x10 mm) followed by. 200 mm® glacial 

15 — ff32126. Acta phys. Scandinav. Vol. 6. 
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acetic acid. The ampoules arc cooled in ice and 350 inm’’ 10 % chromic 
acid (for solutions poor in organic matter 200 mm®) is quickly introduced 
into each ampoule upon -which the ampoules are sealed. The ampoules 
are then heated in an electric oven at 100° for 4 hours. This time suffices 
according to Fhomageot and Heitz (1. c.) to get the maximum formation 
of acetone from leucine. A^aline requires considerably less time. After 
oxidation the ampoules are cooled, first in the air and then in an ice 
bath. 

3) Distillation and development of colour. The acetone reagent is 
prepared by mixing in a small beaker 4 parts of 9 n KOH with 1 part 
of 6.7 vol. % salicylic aldehyde in 96 % alcohol. The mixture should be 
stirred well. 1 ml reagent is measured into the inner) compartment of 
each Conway unit. It is advisable to grease the edge of the wall between 
the inner and outer compartment wnth a little vaseline to prevent the 
reagent from creeping over the wall. The cover is likewise greased -ftdth 
vaseline. Into the outer compartment 1 ml 30 % NaOH is measured. 

The ampoules, are opened one by one (care, high pressure!) and the 
contents of each is sucked into a Krogh’s syringe pipette (Kkogh 1935) 
— previously cooled with ice wmter — and delivered into the outer 
compartment of a Con-nmy unit, which is then closed as quickly as 
possible. During delivery of the sample the cover should leave only 
the necessary space for the tip of the syringe pipette to be introduced 
into the outer compartment of the unit. 

After 3 hours at room temperature (20 — 22°) the colour has reached 
its maximum strength, (In the original method the colour was developed 
by heating at 50 ° for one hour). The units are opened and the contents 
of each of the inner compartments is transferred with a pipette to a 
graduated tube. The inner compartment is washed repeatedly with 
water and the washings are combined with the main portion of colour. 
At last the tubes are filled to the 10 ml mark and well shaken. 

The solutions are read in an electric photometer with a green filter. 
A leucine standard (O.s mg leucine per analysis) and a blank are run 
together with the unknowns through all stages of analysis. 

4) Evaluation of the readings: According to Feomageot and jMoukoe 
(1940) the yield of acetone from leucine is 48 % of the theoretical amount 
when heating with chromic acid for 4 hours is used. Under similar con- 
ditions valine jdelds 61 %. 

As the theoretical yield is "the same for both amino acids Avhen cal- 
culated on a molar basis, it is seen that on using a leucine standard the 
amount of valine -will be estimated about 20 % too high. This is of minor 
importance in the present case as the blood and the tissues must con- 
tain a mixture of leucine and valine. 

Fig. 1, A shows the relation between colour, measured in arbitrary 
units and the amount of leucine. The photometerreadings arc the 
difference between the galvanometer deflection produced by the l)lank, 
which is used as zeropoint, and the deflection produced by the 
solution to be tested, read on a logarithmic scale. This means that the 
units arc proportional to the absolute amount of colour. 

Fig. 1, B shows the same relation -when 5.5 n KOH is used in.stcad 
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Photometer 

reading 



of 9 n KOH in the acetone reagent. It is seen that the photometer read- 
ings in both cases are proportional to the amount of leucine up to about 
0.5 mg leucine per analysis. At higher concentrations this relation does 
not hold, which means that the colour does not follow Beers law of 
dilution at those concentrations. 

The difference between the two curves may serve to demonstrate the 
influence of KOH concentration. The space does not allow a closer dis- 
cussion of the coloured substance and the purely empirical nature of 
the method makes such discussion unnecessary. For literature concern- 
ing the colour reaction the reader is referred to Fromageot and Heitz 
(1. c.). 

The difference between duplicate determinations seldom exceeds 5 %. 
In the dead space of the syringe pipette, which is used to transfer the 
analysis to the Conway unit, about 5 % of the analysis is lost, but as 
the standard solution is treated in the same way this source of error is 
insignificant. Similar considerations are valid for the small amount of 
fluid adhering to the walls of the ampoule. 

Eesults. 

Determinations of leucine -f- valine and of tyrosine in blood 
and tissues were made on a series of guinea-pigs. 
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The determination, of leucine -f- valine is described in the fore- 
going pages, tyrosine determinations were carried out according 
to Arnow (1. c.). Tables 1 and 2 show the results. It is seen that 
none of the organs show any pronounced tendency to concentrate 
leucine and valine as compared ndth the level in the blood. (As 
shown by Danielsson (1933) and Ussikg (1. c.) the amino acids 
are evenly distributed between corpuscles and plasma and it is 
therefore unnecessary to separate the plasma for the determi- 
nations). 

Table 1. 


mg Leucine -f Valine per g Tissue. 



I 

11 

Ill 

IV 

V 

Blood 

O.lOO 


0.071 

0.059 

0.059 

Liver 

0.118 

0.078 

O.074 

0.082 

0.07fi 

Kidney 


0.087 


0.077 

0.103 

Mnacle 


0.0C8 

O.OGO 

0.039 

0.079 

Brain 


Table 2. 



0.084 



1 

1 

ir 


Reading 

mg tyrosine 
per g 

Rending 

mg tyrosine 
per g 

Blood 

20 

0.019 

13 

0.012 


20 




Liver 

18 

0.018 

14 

0.018 


20 




Kidney ...... 

36 

33 

0.083 

35 

0.033 

1 

Muscle 

' 17 

0.017 

12 

O.Oll 


18 




Tyrosine, 0.15 mg . . 

160 


160 



A larger material should be required to find out if the small 
difference found between blood and certain tissues in some of the 
guinea-pigs is significant, but it is already clear that these amino 
acids play no part in producing the considerable excess of ammo 

N in the tissues. ^ 

Tyrosine seems also to be evenly distributed between blood and 
tissues. The kidneys are apparently an exception, their tyro.sine 
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concentration being higher than that in the blood. It must be 
remembered, however, that peptides containing tyrosine, give the 
colour. (Other interfering substances like phenoles are removed 
by the ether extraction, which also removes /?-hydroxy-butyric 
acid and other substances which might interfere with the deter- 
mination of leucine and valine). The amounts of tyrosine found 
should be regarded as maximum Amiues. The nature of the appa- 
rent excess' of free tyrosine in the kidneys has yet to be examined. 


Table 3. 



(^lorimeter 

reading 

mg lencine 
-f valine/g tissue 

Blood 

319 

0.50 


316 


Liver 

270 

0.4.5 


303 


Kidney 

219 

0.3.5 

Mnsnle 

115 

0.18 j 

Brain ' 

9S 

0.15 

■ 

95 


Leucine, 0.5 mg 

320 


311 



For theoretical reasons it Avould perhaps be preferable to give 
the amino acid content in relation to the Avater phases of the 
organs. The Avater content amounts to about 80 % in blood, kid- 
ney and brain, 80 — 75 % in muscle and about 75 % in liA^er. It is 
obAuous that the results would not be materially altered by a 
recalculation on Avater-basis. 

It was found by Luck (1. c.) that when amino acids or amino 
acid mixtures Avere fed to rats a considerable increase in the 
amino N of the liA’^er took place. This increase Avas considerably 
higher than the increase of amino K in the blood. It Avas there- 
fore necessary to examine Avhether an augmentation of the free 
leucine in the blood would produce a still greater increase in the 
leucine of the organs, especially the li\’'er. 

The following experiment Avas made. A guinea-pig ($, 350 g) 
Avas narcotized with 0.6 g ethylurethane in 2 ml Avater subcu- 
taneously. A glass cannula was laid in the right vena jugularis 
and 100 mg leucine in 10 ml 0.6 % NaCl AA^as injected Avith a con- 
tinuous injection apparatus during 45 minutes. After a further 
5 minutes to alloAA’^ mixing of the blood the animal was killed and 
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the leucine determinations on blood and organs were carried out 
at usual. 

The results are presented in table 3. 

It is seen that the leucine content of the blood is higher tliau 
the concentration in any of the organs. That the concentration in 
the muscles is much lower than in the liver and kidney must be 
due to a low permeability of the muscle cells towards leucine. 
The low concentration in the brain is more likely due to a low 
permeability of the capillaries of the brain towards leucine just 
as they are only slightly permeable to ions and sugar. 

This experiment seems to speak in favour of the view that Jeii- 
cine is distributed between organs and blood by simple diffusion; 
but a real proof of this view cannot be obtained by this sort of 
experiment. 

Discussion. 

It has been shown that the monamino monacarbonic acid.s 
leucine, valine and tyrosine are almost evenly distributed between 
blood and tissues. A quite even distribution may not be expected 
in all cases. First a certain breakdowm of proteins to amino acids 
may take place from the killing of the animal to the moment when 
the cooling has stopped all enzjonatic activity. Secondly the slow 
diffusion of for instance leucine, which has been found above for 
certain organs like muscle and brain, wall have the effect that 
fluctuations of the amino acid level in the blood will only be vis- 
ible in the amino acid level of the organs after some time. Thirdly 
the liver and perhaps other organs have a function in the regulation 
of the amino of the amino acid level of the organism. By deamina- 
tion the liver may lower the level, ■while by breakdown of protein 
the level may be raised. 

It is improbable that the other monamino monocarbonic acids 
should behave otherwise than the three examined here, with one 
possible exception: Luck (1. c.) found that while feeding of ala- 
nine and other amino acids produced onlj' slight increase in the 
amino H of the liver, glycine produced a considerable increase 
which lasted for hours. It would be of interest to knon' if the 
substance giving the increase in amino N is really glycine or 
possibly some derivative produced in the liver. 

As mentioned in the introduction there is some evidence that 
the bases, arginine and histidine are not concentrated to any 
extent in the tissues. 
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The only amino acid -which is known to be highly concentrated 
in the tissues is glutamic acid (Cohen (1. c.)). It may be of interest 
in this coimection that glutamic acid and aspartic acid were found 
to diffuse very slowly if at, all through the red corpuscle membrane 
(UssiNG (1913)). If the membranes of other cells were supposed 
to be relatively permeable to most amino acid but only little per- 
meable to glutamic acid, then only this amino acid would be con- 
centrated even if the cells possessed a general mechanism for the 
transport of amino acids into the cells. The low leucine content 
of the muscle, which, has evidently a low permeability to leucine, 
shows however, that if a general mechanism of amino acid trans- 
port does exist it is not used to any high extent. 

From the above it follows that amino N determinations on 
protein free tissue extracts say nothing about the amount of true 
free amino acids. Most of the amino N comes from glutathione and 
possibly other low peptides; in some animals, but not in the guinea- 
pig, carnosine plays an important role especially in the muscle 
(compare Vigneaud and Behrens 1939). 


Table i. 

Amino N in mg 


■ 

Liver 

Iduscle 

Kidney 

1 

Plasma i 

. 

Total ca.^ 

45 

45 


5 

Glutathione ca." 

30 

10 

20 

0 : 

Glutamic acid 

5 

16= 

9 

0.3 i 

Arginine 

+ 

1 

+ 

+ 1 

Histidine 

(-) 

(-) 

(-) 

(-) 

1 Cystine -^ Cysteine ca. 

0.7 

0.2 

0.1 

0.1 

1 

I TjTosine ca 

0.12 

0.11 

0.25 

0.12 

i Leucine + Valine ca 

0.8 

0.6 

0.9 

0.7 


‘ van Slyke amino N. — * Heart muscle. 

Another implication is that if phosphoric acid esters or similar 
compounds of amino acids play a part in protein synthesis or 
amino acid transport (compare Kjerule- Jensen 1942) they are 
only present in low concentrations. 

Table 4 gives a schematic and quite approximative picture 
of the distribution of a min o N in tissues and blood of mammals, 
compiled from the litterature mentioned in the introduction with 
the addition of the results obta-ined in the present paper. 
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Summary. 

A micro method is worked out which allows the estimation of 
free leucine valine in 1 g samples of tissue. The content of 
tyrosine and leucine + valine is determined in guinea-pig blood, 
liver, kidney, muscle and brain. It is found that the amino acids 
in question are nearly equally distributed between blood and tis- 
sues. 

When leucine is injected into the blood, the concentration in 
the tissues is not increased over the level in the blood. j\Iusclc 
and brain show a low permeability to leucine. 

From the above results and from the litteraturc it is concluded 
that the high content of amino N of the tissues comes only to a 
minor part from amino acids. The greater part originates from 
glutatliione and possibly other low peptides. Glutamic acid is 
the only amino acid which is known to be highly concentrated in 
the tissues as compared ■with the blood plasma. 
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Aus der Pharmakologischen Abteilung des Karolinischen Institutes. 


Die Einwirkuiig von Alkoliol auf die Atinniig 
bei K.atzeii niit intakteni uiid denerviertem 

Sinus. 

Yon 

BO GERNANDT. 

Eingegangen am 4 Jnni 1943. 


Seit Binz (1888) auf die stimulierende Einwirkung des Alko- 
hols auf die Atmung liingewiesen und diesen fiir den tkerapeu- 
tisclien Gebraucli empfohlen liat, sind eine grosse AnzaH expe- 
rimenteller Untersuchxmgen ausgefiihrt worden, auch an Tieren, 
um diese Alkoholeimvirkung aufzuklaren. Mehrere Verfasser 
meinen, dass Alkohol in kleinen Mengen keine stimulierende 
Wirkung auf die Atmimg hat, wahrend andere bestimmt auf eine 
solclie bestehen. Alkohol in grosseren Mengen fiihrt zu einer 
Atmungslahmung. Loewy (1890) fand bei Versuchen mit zwei 
Personen, von denen die eine an Alkohol gewohnt war, die zweite 
dagegen nicht, dass Alkohol bei der nicht an Alkohol gewohnten 
Person die Empfindlichkeit des respiratorischen Zentrums stei- 
gerte. Wendelstadt (1899) und Fuhner (1932) wiesen nach, 
dass die Alkoholeinwirkung auf ein normales Atmungszentrum 
unbedeutend ist, dagegen aber bei einem kranken oder ermiideten 
deutlich eine Stimulation ausiibt. Ledeeer und Vogt (1911) 
fanden in den meisten Fallen, dass bei den Versuchspersonen das 
Eespirationsvolumen zunahm, die Atmungshaufigkeit aber un- 
veriindert blieb. Weissenfeld (1898) zeigte, dass auf die at- 
mungstimulierende Wirkung nach Zufuhr massiger Alkohol- 
mengen beim Menschen keine depressive Phase folgt. Beckmann 
(1915) fand, dass nach Genuss grosser Mengen Bier eine stunden- 
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lang anlaltende Herabsetzung der Eeizbarkeit des Atmuntrs- 
zentrums eintrat. 

Man bat diskutiert, ob der Alkoliol dutch eine refJektorische 
Stimulation oder infolge Zunahme der Kohlensaurc auf das Af- 
mungszentrum einwirkt. Jaquet (1895) nabm an, dass die Mir- 
kung auf einer reflektorischen Stimulation des Atmungszentrums, 
verursacht dutch eine lokale Irritation seitens des Alkohols. 
speziell im Ventrikel, beruhte. Wilmanns (1897) verneinte dies 
und erklarte, dass die Zunahme des Atemvolumens zentral be- 
dingt war, was er dutch . In jektion von Alkohol in die Arteria 
carotis zu zeigen vermeinte, wodurch dieselbe Zunahme erzieit 
wurde. Singer (1899) war der Ansicht, dass die Atniungssteige- 
rung nach Alkoholzufuhr auf einer Zunahme der Kohlensiiurc- 
produktion infolge des gesteigerten Stoffwechsels beruhte, und 
dass diese Steigerung eine Folge des dutch die Vasodilatation 
verursachten, erhohten Warmeverlustes Avar. Dem widersprechen 
die Versuche Woleers’ (1883). Er fand, dass der Stoffwechsel 
nach Alkoholzufuhr zunahm, selbst wenn sich das Tier in Avar- 
mem Wasser befand ohne irgendAA’elche Steigerung der Vasodi- 
latation. Pilcher (1911) zeigte, dass kleine Mengen 25%-igen 
Alkohols (2 ccm pro kg Korpergewicht) bei ICatzen cine Atmungs- 
steigerung mit 15 % hervorriefen, die 2 — 3 Stunden dauerte. Mit 
grosseren Mengen (4 ccm pro kg), die auch eine Narkose verur- 
sachten, Avelche zwischen tiefem Schlaf und tiefem Koma A’-ari- 
ierte, Avurde die Atmungsfreq^uenz um etAva das Doppelte a\-u1i- 
rend der ersten Stunde gesteigert, ging aber stufeiiAveise in 3—5 
Stunden in die Ausgangslage zuriick. Mit noch grosseren Sicngen, 
7.5 — 10 ccmi pro kg, war die Frequenz geAA'olmlich mehrere Stun- 
den gesteigert, konnte aber auch unA’-eriindert bleiben. Lieb 
( 1915) fand, dass bei decerebrierten Katzen, denen Alkohol a'OU 
einer Konzentration zwischen 10 — 95 % in einer Menge von 
0.5—5 ccm pro kg Korpergewicht zugefuhrt Avurde, keine augcn- 
scheinliche Veranderung in der Atraung, A\-eder an Frequenz 
noch Tiefe, eintrat. 

Hooker (1917) perfundierte das Bttckenmark an Hunden mit 
defibriniertem Blut mit einer Alkoholkonzentration Amn 0,025 % 
Alkohol. Er erzielte dabei eine Steigerung der Atmung. Vbirde 
die Alkoholkonzentration auf 0.1 % erhoht, wurde die Atmung 
noch mehr gesteigert, Eine Konzentration von 0,2 % verursachtc 
eine voriibergehende Atmungssteigerung, gefolgt von einem vcr- 
langerten Atemstillstand. Higgins (1917) erzielte mit seinen Al- 
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koliolversuchen an Persouen bei niicbternem Magen bisweilen 
eine Steigerung der Empfindlicbkeit des respiratorischen Zent- 
rums, welcbe sicb dnrcb eine Senkung des alveolaren Koblen- 
sanredruckes zu erkennen gab; bisweilen war der Alkohol obne 
■\yirkung. Der Alkohol verringerte in den ineisten Fallen das At- 
mungsvolumen pro Minute, was auf einer verminderten Kohlen- 
saureproduktion beruhte. 

Gemass den vorstehenden Verfassern ist sonacli in vielen Fal- 
len eine stimulierende Alkohohvirkung konstatiert worden. Diese 
Wirkung geht nach der Ansicht einiger direkt iiber das Respira- 
tionszentrum, nach anderen hat sie eine mehr indirekte Ein- 
wirkung auf dasselbe. In vorliegender Arbeit wurde untersucht, 
inwieweit die atmungsstimulierende Einwirkung des Alkohols bei 
Katze zu einem gewissen Teil reflexogen iiber den Sinus caroticus 
bedingt sein kann. 


Iffethodilf. 

Als Versuchstiere warden Katzen benutzt, die als Anasthetikum 
7 eg Gloralose pro kg Korpergewicht bekamen. Die Tiere warden za- 
erst mit Ather betaubt and die Chloralose warde dann in einer 1%- 
igen Losang intravends eingespritzt. Das Gewicht der Katzen variierte 
zwischen 2.9 and 3.2 kg. 

Bei der Halfte der Katzen wurde der Sinas caroticas vorsichtig 
freigelegt und denerviert, indem die vom Sinas aasgehenden Nerven 
dtirchgeschnitten warden. Trachealkaniile und Venenkaniile in die 
Vena femoralis in iiblicher "Weise angebracht. Die Atmung wurde 
nach einer von Buleh und Liljestband (1936) aiigegebenen Methode 
registriert, in der Weise, dass das Tier in eine luftdichte Kiste gelegt 
wurde, die mit einem Spirometer in Verbindung stand. Die Tracheal- 
kaniile ging durch die eine Wand hinaus und stand mit einem Miiller- 
ventil mit kleinem Widerstand, einige SElIimeter Wasser, in Verbin- 
dung. Die Ventilation wurde als Produkt des Spirometerausschlags 
und der Atmungsfrequenz erhalten. Yermehrte oder verminderte 
Lungenventilation gibt aber nicht immer zufriedenstellende Aufschlussc 
uber die Atmungstatigkeit, weshalb die Kohlensauremenge in der 
Alveolarluft wahrend der Versuche andauernd nach der von^ Euler 
und Liljestrand (1936) angegebenen Methode beobachtet wird. Bei 
den Katzen, welche Alkohol bekamen, wurde dieser in 4:%-iger Losung 
mit 1 cem pro Minute in die Vena femoralis eingefiihrt. 
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Kesiiltate. 

I. Die Wirkung von Alkohol suf die Eespiration bei Katze 

mit intaktem Sinus. 

Wurde die Atmung bei Katzen ohne Alkoholzufidir (3 Ver- 
suche) registrierfc, machte sich wiihrend einer Versuchszeit. von 
etwa 4^2 Stunden eine selir deutliclie, sukzessive Abnabme in 
der Atmu 2 )gsfrequenz' (von 21.5 Atemziigen in dor Minute zu 
Beginn des Versuclies bis henmter zu 10 am Ende desselben) 
bemerkbar, walirend die Amplitude beinahe konstant (14.4— 
14.1 mm) war. Die Ventilation nahm also, wie es sicli zeigte, im 
Laufe des Versuclies (siehe Fig. 1) sukzessiv ab, zuerst mit einem 
augenfiillig exponentialen Verlauf, um nacli etwa 1 Stunde einen 
geradlinigen Verlauf zu nelimeii. Die Berecliming der Ventila- 
tionsgrosse auf der Kurve setzte erst nacli etwa 1 Stunde ein, 
wenn die Atherwirkung auf die .Atmung mit Sicherheit ausge- 
schlossen werden konnte. An dem geradlinigen Teil der Kurve 
wurde die Ventilationsgrosse in 15 Perioden von P/s Minute 
mit einem Intervall von 15 Minuten bestimmt. Das I\Iittel aus 
diesen Werten wurde als Ausdruck der durchsclmittlichen Grosso 
der Ventilation gewahlt und betrug fiir eine Normalkntze 319 + 
10.4 com pro Minute. 

Bei Katzen mit intravenoser Alkoholzufuhr (3 Versuche) 
konnte walirend derselben Versuchszeit nur eine unbedeutende 
Abnahme in der Atmungsfrequenz (18.G — 14.3 Atemziige pro 
Minute) und eine Amplitude (15.9 — 14. G mm) beobachtet werden. 
Die Ventilationsgrosse betrug 463 zt G-® ccin pro jrinute, was 
einen Unterschied zwischen der Grosse der Atmung bei den Kon- 
trolltieren und den Tieren mit Alkoholzufuhr von etwa 45 % 
(siehe Fig. 1) besagt, und dieser Unterschied, berechnct nach 
den iiblichen Formein der Variansanalyse (BoKr^’IEB und Tedin, 
1940) war statistisch sicliergestellt (p = 0.001). In densclben 
Weise wurden auch die iibrigen Unterschiede berechnet, 

GJeichzeitig gemachte Proben an der Alveolarluft jede hnlbc 
Stunde ergaben, dass die Kohlen.saurewerte bei den Kontroll- 
tieren zu Beginn des Versuches einen Wert von etwa 4 % habcn, 
um gegen Ende desselben bis auf 5.2 % zu steigen. Bei den ICat- 
zen mit Alkoholzufuhr lagen die Kohlensaurewertc zVvi.schen 4 
und 4.2 %, was fiir eine erhohte Reizbarkeit des ^\tmungszent- 
rums bei Alkoholzufuhr .spricht (siehe Fig. 2). Die.s stimmt mit 
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Fig. 1. I) Grosse der A^entilation bei Katze oiine Alkoholzufuhr mit intaktem 
Sinus caroticus. II) Intakter Sinus und Alkoholzufuhr. Ill) Denervierter Sinus 
ohne Alkoholzufuhr. II’’) Denervierter Sinus mit Alkoholzufuhr. 



Fig. 2. I) Kohlensauregehalt in der Alveolarluft bei Katze ohne Alkohok^uhr 
mit intaktem Sinus caroticus. II) Intakter Sinus und Alkoholzufulir. Ill) Dener- 
vierter Sinus ohne Alkoholzufuhr. IV) Denervierter Sinus mit Alkoholzutuhr. 


den Beobachtungen mehrerer friiheren Verfasser an Tieren (S\ ol- 
PERS, Pilcher, Hooker u. a.) iiberein. 
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n. Die Wirkung von Alkohol auf die Respiration bei Katzo 
mit denerviertem Sinus. 

Bei Katze mit denerviertem Sinus sank sowohl die Atmnngs- 
frequenz als auch die Atmungsamplitude auf ein bedeutend nied- 
rigeres Niveau. Im Vergleicli mit der Atmung bei Katze mit 
intaktem Sinus war der Unterscbied gegen DO %. Die Kohlen- 
saurewerte lagen bei den denervierten Katzen bober (siebe Big. 2). 

Bei denervierten Katzen obne Alkobolzufubr (3 Versucbe) er- 
litt die Frequenz der Atemzuge, wie sicb berausstellte, eine suk- 
zessive Abnabme (13.2 — 7.6 Atemzuge pro Minute), wahrend sicb 
die Amplitude nur unbedeutend (12.9 — 11.8 mm) verringerte. 

Bei Alkobolzufubr (3 Versucbe) zeigte sicb, dass die Frequenz 
(14 — 9.4 Atemzuge pro Minute) und die Amplitude (14.5 — 13.3 
mm) nur ungedeutend geringer wurde. 

Bei denervierten Katzen mit Alkobolzufubr war die Grosse der 
Ventilation etwa 20 % grosser im Vergleicli zu den denervierten 
Tieren obne Alkobolzufubr. Nacb der Denervation battc die sti? 
mulierende Wirkung auf die Ventilation bocbst betracbtlicb ab- 
genommen, war aber immer noch statistiscb wabrscbcinlich 
(p = 0.05). 

Die Einwirkung des AUrobols auf die Atmung gebt offcnbar 
nicbt nur iiber das Respirationszentrum, sondern ist zuin Teil 
peripber bedingt iiber den Sinus caroticus. 


Zusammcnfassiinff. 

1) Es wurde die Eimvirkung des Alkobols auf die Atmung 
an Katzen mit teils intaktem, teils denerviertem Sinus unter- 
sucbt. 

2) Es konnte eine stimulierende AVirkung des Alkoliols auf die 
Atmung festgestellt werden. Die Eimvirkung war am deutlicbsten 
bei Tieren mit intaktem Sinu.s, aber aucb bei den denervierten 
Tieren war eine Zunabme in der Grosse der Ventilation statistiscb 
wabrscbeinlicb. 

3) Die Untersuebung spriebt dafur, dass die stimulierende 
Einwirkung des Alkobols auf die Atmung zum Teil iiber den 
Sinus caroticus gebt. 
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Aus dem W'ENNEU-GreN'S Institut fur cxperimentolle Biologic, 

Stockholm. 


• • 

Uber eiiie diircli Kohleiioxydbeliandlniig 
liervorgerufene qualitatiye Veranderuiig 
des Stoffwcclisels im Froschsartorius. 

Von 

P. E. LINDAHL nnd CHR. WERNSTEDT. 
Eingegangen am 8 Jnni 1943. 


Fenn und Cobb (1932 a) zeigen, dass ein Gemisch von 80 % 
00+20 % Oj eine Erliohung der Atmung von Skelctt- und Herz- 
muskulatur und gleichzeitig damit eine Herabsetzung des Kespi- 
ratorischen Quotienten bewirkt. Sie fiihren dies auf eine Oxydation 
von CO zu COj zuriick und stiitzen diese Auffassung durcli Gas- 
analysen (Fenn und Cobb 1932 b). Da.ss diese Reaktion der At- 
mungserhobung zu Grimde liegt, wird mit derselben Metliode 
von Standard (1941) demonstriert. Seitz (1941) fiihrt Modell- 
versucbe aus, die e’vd. zur Kliining beitragen. — Ausserdem muss 
bei Versuchen mit CO auf Muskulatur die hemmende Wirkung 
auf die Cj’tocliromoxydase in Retraclit gezogen werden (Stan- 
XAEB 1941, Lindahl 1942). Die sich ergebende Grosse der Atmung 
beruht folglich auf dem quantitativcn Verhalten der beidcn Vor- 
gange, Erholiung und Hemmung, zueinander. 

Aus dem Obenstelienden gelit hervor, dass Schlussfolgerungen 
auf Grund von Bestimmungen der respiratorischen Quotienten 
iiber durch CO bewirkte qualitative Veranderungen der Atmung 
nicht gezogen werden kbnnen. RQ-Bestimmungen koimen nur 
insofern Auskunft geben, als eine derartige Wirkung nach Ent- 
fernen des CO bestehen bleibt. "Wir haben deswegen praparierte 
Sluskeln mit einem kolilenoxydhaltigen Gasgemisch liehandelt, 
CO sorgfaltig entfernt und ibren RQ bestirnmt. Da Veranderungen 
des RQ evt. durcb Anbaufung von Miicbsanre viibrend der CO- 
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o — o — o Keine Vorbehandlung mit CO. 
^ 1 !- Vorbehandlung mit CO. 


Behandlung bewirlct sein konnte, wurde auch. der Gelialt an 
Milchsaure in Kontrollmuskeln und GO-bekandelten Muskeln 
gemessen. 


Material iind Methoden. 

Als Material warden Sluskeln von Rana iemporaria verwendet und 
zwar M. sartorius. Die Tiere entstammten demselben ^ andort imd 
warden teils Anfang Mai, teils Anfang September geholt. Fapaner- 
ten Muskeln wurden zunachst wahrend 12 Stunden in 
gerlosung geschiittelt. Diese Vorbehandlung ist un e gt no » 
um die grosse individuelle Variation der Muskeln verse le ener 
(vgl. Lindahl 1941) auszuschalten. Die Atmung wnd na ° 
durch herabgesetzt, und zwar eine bei der Praparation ° ® 
in bedeutend hoherem Grade als eine niedrige. Ferner wir " 

Weise angehaufte SElchsaure zum grossen Teil veratmet oder ausg 

waschen (vgl. unten S. 244). TTiVr- 

Der Eespiratorische Quotient wurde manometrisc ^ 
fiir benutzten wir eine Modifikation der Methode von • v q qj^ 
Schmitt (1929). Die Gefasse mit Gefasskonstanten fiw « , . ^ 

und 1.08 und fto 00= wischm l.u 
dass Fliissigkeit aus einem Seitenanhang direkt in en 

16 — ^32126. Acta phps. Scandivav. Vol. 6. 
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und von hier aus in den Hauptraum entleert werden kann (vgl. Win- 
berg 1939). Zur C02-Absorption vnirde im Einsatz 0.3 nil eine'r 3 mol. 
I^aOH-Ldsung verwendet, die unter COj-Abschluss aufbcwahrt worden 
•war. Der Anhang wurde mit 0.7 ml 20 % HjSO^ beschickt, die beini 
Einknppen die CO, aus der Eliissigkeit in dem Einsatz, aus der Ringcr- 
losung und den Muskeln in den Gasraum austreibt. Das Friscligewicht 
der Muskeln wird mit Hilfe einer Torsionswage festgestellt und fitr die 
Berechnung der Muskelvolumina — spezifisches Gewiclit gleich l.oo 
gesetzt — verwendet. Im Hauptraum des Warburggefasses inaclien 
Sluskel -f Ringerlosung 2 ml aus. Das Trockcngewiclit der Sluskeln 
wird nach 12stundiger Aufbewalirung bei 105° bestimmt. 

Die Darstellung der CO gescbieht nach Lindahl (1942). Eiir siimt- 
lichc Versuche kam ein Gasgomisch von 80 % CO -f 20 % 0, zur Ver- 
wendung. Milchsaure inrd kolorimctrisch nach Koene>l\.nn (1940) 
bestimmt. Unmittelbar nach Beendigung der Versuche werden die 
IMuskeln mit Filterpapier abgewischt, schnell durchgefroren und in 
diesem Zustand mit einem Rasiermesser moglichst fein zerkleinert. 
Soustige Vorbehandlungcn, wie Bestimmung des Frischgewichtes, Fiil- 
lung der Proteine und Kohlenhydrate, Anrd nach Hansen, Rieser 
und Hagaya (1928) vorgenommen. 


Versuche. 

Die Kohlenoxydbehandlung wird folgendermassen ausgefuhrt. 
In jedes von zwei zusammengehorigen, trogformigen Atmungs- 
gefiissen kommen zur CO-Behandlung 2 Muskeln in 2.0 cem Ringer- 
Idsung, und zwar ein Muskel von je 2 Versuchstieren. Zur Behand- 
lung der Muskeln mit CO werden 500 cem des CO — Oa Gemisclies 
wiihrend 5 Blinuten beim Schiitteln durch die Gefasse gelcitet. 
Hierauf Averden diese in den Thermostaten eingehangt und 60 
Min. lang bei der Versuchstemperatur geschwenkt. Nach der CO- 
Behandlung werden die Muskeln den Geftissen entnommen, mit 
Ringerlosung gespiilt, mit Filterpapier gut abgetrocknet, gewogen 
und moglichst bald in die Amrbereiteten Gefasse fiir RQ-Bestim- 
mung iiberfuhrt. Innerhalb von 15 Minuten nach der CO-Behand- 
limg waren diese Gefasse in den Thermostaten eingehangt. Bis 
auf das Durchleiten des CO — Oj-Gemisches werden die Kontroll- 
muskeln auf dieselbe Weise behandelt. Die Atmungsmessung u'ird 
30 Min. nach dem Einhangen der Apparate in den Thermostaten 
angefangen. Gleichzeitig hiermit wird die Schwefcisaure in dem 
einen Apparat jeden Apparatenpaares eingeldppt zur Messung 
der schon von Anfang an vorhandenen KohlensSure. Die Mes.sung 
des Oj-Verbrauches dauert 4 Stunden. Nach Ablauf dicser Zeit 
wird die Schwefcisaure in den 2. Apparat jeden Paares eingekippt. 
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Der UnterscHed zmsclien der zuletzt erhaltenen Kohlensaure und 
der am Anfang der Messung erhaltenen macht die Atmungskoli- 
lensaure aus. Der Oo-Verbrauch im Laufe der Messung war kon- 
stant (vgl. Fig. 1). 

Tal)elle 1. 


Qo. und RQ von Normalmusl-eln nnd CO-behandelten Muskehi. 


1 

Datum 

Qo, 

Normal 

QO; 

CO-behand. 

RQ 

Normal 

RQ 

CO-behand. 

7/ 

42 

0.27 





» 


O.IS 



10/ 

/5 

42 

0.26 


0.70 


» 

» 

0.33 


0.7 S 



» 


0.31 



» 

0 


0.28 




42 

0.24 




»> 

» 


0.17 


1.07 

19.' 

; s 

42 

0.19 


0.68 


9 

» 


0.21 




42 

0.2S 


0.77 

i 

» 

» 


0.19 



‘-Vj 

42 

O.IS 


0.72 

i 


» 


0.26 



V. 

42 

0.23 


0.C9 


1 > 

» 

0.26 


0.73 

1 

V.o 

42 


0.19 



{ 0 

» 


0.26 


l.n 

Mittehvert 

0.25±0.015 

0.23±0.017 

0.72±0.019 

0.99±0.028 


Tabelle 2. 

Milchsduregehalt der in O-gradiger Ringerlosung geschwenklen 
Muskeln vor {Kontrolle) und nach der CO-Behandlung. 


Datum 

Eingewogene 
Menge in mg 

Milchsaure % 
Kontrolle 

Milchsaure % 
CO-behand. 

Differenz 

17 / 

!9 

42 

266 

0.0199 


-f-O.OOOo 


279 


0.0204 

— 0.0035 


42 

203 

0.0321 



197 


0.0269 

±0 


42 

272 

0.0177 



272 


0.0177 

±0 


42 

181 

0.0182 



183 


0.0182 

—0.0002 

Vu 

42 . 

278 

0.0173 



281 


0.0171 

—0.0021 

Vi. 

42 

208 

0.0188 



198 


0.0167 

-f0.0007 

’/l2 

42 

179 

0.0185 



204 


0.0192 
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Die Ergebnisse der Atmungsmessungen sind in Tab. 1 r.usaiu- 
mengestellt. Untcr den hier gewahlten Bedingungen l)e\\irkt die 
CO-Behandhing keine Veriinderung der Atinungsgrosse. BQ dor 
Kontrollmuskeln ist gleicli 0.72 ±0.017, der dor CO-Behan- 
delten Mtiskein gleich 0.9S) ± 0.028. Die Differenz 0.27 ±0.0.34 
isfc statistisch gesichert (t = 7.0, p. <0.001, vgl Bonxier-Tedin 
1940). 

In frisch praparierten Muskeln variierfc der Gohalt an Jlilch- 
siiure zwisclien 0.108 und 0.102 %. Wie Tab. 2 zeigfc, enthalten die 
in der Kiilte gescbwenkten Muskeln viel wenigcr Milchsiuirc. Wcnn 
die Kolilenoxydbehandlung iiberhaupt einc Veriinderung de.s 
Milcljsauregehaltes bewirkt, diirfte es sicli uin cine Hcrabsetzung 
liandeln und ’/jj, Tab. 2). 


Diskussiol). 

In den vorliegenden Versuclicn bewirkt CO keine nachtriigliclie 
Veriinderung de.s Oj-Verbrauclics. Dies steht im Gegensatz zu 
Versuchon, die von eineni von uns ausgefiilirt wurdon (Lindahi- 
1942), fiir die aber friscli priipnrierte liluskcln verwendet wurden. 
Audi Fexx und Cobh (1932 a) geben fiir in Kingerlosung bei 0° 
gesclnvenkte Bluskeln an, dass CO-Behandlung koine nachtriig- 
liche Wirkung hinterliisst. Offenbar wird irgcndcine Komponente, 
allem Anscliein nacli in dem tibertriigersystoin — durch das 
langdauernde Schiitteln bei 0 Grad veriindert. 

Die Kontrollmuskeln zeigen einen mittleren HQ von 0.72 ± 
± 0.017, Der HQ dc.s normalen Muskels ist sonst 1.0. Es liegt also 
auch hier einc Folge der langdauernden Vorbehandlung vor, und 
die Feststellimg JIeyerhofs (1921), dass RQ gewascliener Musku- 
latur (± Jluskelkochsaft) nur etwa 0.7 betriigt, ist in diesem Zu- 
sammenliang von Interesse, Mit grosser Wahrscheinliclikcit lian- 
delt es sich in unseren Kontrollmuskeln um eine Fetto.vydation. 
Obwolil ein Verschwinden von Fett in Froschmuskeln bei Er- 
scliopfung normalerweise nicht stattfindet (Winfilld 1914), 
kann langdauernde Reizung eine Hcrabsetzung des Muskcl- 
fettes bewirken, wenn der Glykogengelialt sehr niedrig ist wie 
bei Sommerfroschon (Nierxierko 1929, Buchwald und Com 
1931). Die Ursache fiir das xlusbleiben einer Jlildisaureo.vydation 
in unseren Kontrollmuskeln trotz Anwesenheit von Milcliaiiure 
(vd. Tab. 2) diirfte elier auf einc Veriinderung des milcbsuurc- 
abbauenden Enzymsystemes als auf Substrntmnngel zuruckzu- 



VERANDERUKG DBS STOFFWECHSELS IN FROSCHSARTORIDS. 245 

fiihren sein. Die Erhohung cles RQ clurcli die CO-Behandlung auf 
1 kann niclit auf einer Jlilchsaurebilduiig wiihrend der Beliandlung 
benihen. (vgl. Tab. 2.) Entweder bewirkt die CO-Beliandlung eine 
Restitution des Milchsaure oxydierenden Systems oder eine Mobi- 
lisierung von Glykogen, das in dem Ealle nicht iiber Milchsaure 
abgebaut wird. 


Zusammenfassnng. 

In Sartorius-Muskeln von Rana temporaria, die iiber Nacht 
in Ringerlbsung bei 0 Grad gescliiittelt ivorden sind, ist RQ 
gleicli 0.72 d; 0.017. Eine etwa einstiindige Beliandlung mit 
20 % O 2 + 80 % CO bewirkt nacb Uberfiihrung in CO-freies 
Medium eine Erlioliung des RQ auf 0.99 d: 0.028. Diese Veran- 
derung kann niclit auf eine Milclisaurebildung walirend der Be- 
handhmg zuriickgefiihrt werden (Tab. 2). Der der Veranderung 
des RQ zu Grunde liegende Mechanismus wird diskutiert. 
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Inactivation of Sutostance P by Tissue extracts. 
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In 1931 Euler and Gaddum described a substance whicli tlicy 
extracted from the muscular coat of the intestine of the rabbit 
and the horse. Its chief effects ■were to produce a transient fall 
in the blood pressure and a stimulation of the isolated intestine 
of rabbits, even in the presence of atropine. Extracts from the 
brain, especially the grey matter, produced similar effects. The 
active principle dialyses readily through collodion or cellophane 
and is soluble in water, and to some extent in alcohol and acetone, 
but is insoluble in ether and chloroform. The chemical nature of 
the substance, generally known as "Substance P”, was elucidated 
by the finding that it is precipited by ammonium sulphate, and 
inactivated by trypsine, indicating that it is of a protein nature 
(Euler 1936). This was supported by cataphoresis experiments, 
which showed that substance P had amphoteric qualities with an 
isoelectric field within the pH range 6.5 — 7.0 (Euler 1942), The 
substance can be prepared practically free from other biologically 
active principles and the purest preparations so far obtained, con- 
tained one biological unit in 0.17 mg. The presence of this sub- 
stance in considerable amounts in the smooth muscle tissue of the 
intestine and in other organs, suggest some kind of biological 
function. In the event of its acting as a local hormone for the 
regulation of the intestinal motility (Euler 1936), it seems rea- 
sonable to assume that this tissue should possess some way of 
breaking down the active substance. 

In the present paper some experiments on the inactivation of 
substance P by tissue extracts of various hands will be dc.scribed. 
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Methods. 

In the experiments a laboratory stock preparation of substance P, 
obtained from horse’s intestine and purified to 0.5 mg per imit, was 
used. It was mostly used in a concentration of 5 U. per ml in the final 
solution. After incubation at 38° C for various lengths of time with the 
tissue extract, the solutions were tested for their biological effect on 
the blood pressure and isolated intestine of the rabbit. The animals 
were anaestetized with urethane 1.5 g/kg i. v. and had received atropine 
sulphate 3 mg/kg i. v. Injections were made through the external jugular 
vein and the pressure recorded with a Hg-manometer from the common 
carotid artery. The tests on the isolated rabbit’s intestine were carried 
out on a piece of jejrmum suspended in 30 ml Tyrode’s solution with 
glucose, and aerated with 5 % CO* in oxygen. After each test the 
Tyrode’s solution was changed and the next test was made after an 
interval of 5 minutes. 

Preparation of tissue extracts. The fresh tissues were ground and 
extracted for a few minutes with 2 volumes of acetone. After filtration 
the residue was left to dry at room temperature for 24 hours. The dry 
substance was finely ground and extracted with 5+3 volumes of 2 % 
NaCl and centrifuged. The supernatant liquid was dialysed in running 
water for 24 hours and kept in the refrigerator. All mention below of 
the concentration of the tissue extracts refers to the amount of dry 
tissue used for the preparation of the extract. 


Eesults. 

A preliminary experiment with an extract of the total small in- 
testine of the rabbit showed a strong inactivation, which, in view 
of the occurrence of proteolytic enzymes in the mucous membrane, 
was not unexpected. Thus Va of the original activity was destroyed 
by 15 minutes’ incubation of the substance P solution with in- 
testinal extract in a concentration corresponding to 0.03 g dry 
tissue pr ml at pH 6.5 and 38° C. 

1. Extract of muscular coat of small intestine. 

Further investigations were made with extracts from the mus- 
cular coat of the horse intestine. In these the mucous membrane 
was carefully excised from the muscular part, and the latter was 
freed from possible remnants of the mucous membrane by cutting 
off the edges. 

The results of the inactivation experiments with different 
extracts from the muscular part of horse’s intestine are collected 
in Table 1. In all the experiments the original concentration of 
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substance P was 5 U. per ml, giving a pH of 6.5 in the incubation 
solutions. The tests wore made on the isolated jejunum of the 
rabbit. 

Tab. 1. 


Final concentration 
of intestine extracts, 
drj’ tissue g/ml 

Incubation 
time in min. 
at 38° C 

Remaining 

activity 

(isolated 

intestine) 

. . . 0.115 

10 

70 Of 

/O 

0.115 

35 

35 % 

0.115 

75 

10 % 

. . . 0.09 

5 

GO % 

0.09 

20 

50 % 

0.09 

35 

40 % 

0.09 

50 

0^ 0/ 

/o 

, . . 0.11 

5 

80 % 

0.11 

20 

30 % 

0.11 

35 

25 % 

. . 0.095 

45 

30 % 

0.032 

20 

60 % 

, . 0.125 

15 

< 100 % 

0.125 

30 

50 % 

0.125 

45 

35 % 

0.125 

65 

< 25 % 


Some of the extracts had faint stimulating effects of their own 
on the intestine, but generally this action did not disturb the 
tests. In doubtful cases controls were made with extract and 
knovm amounts of substance P, mixed immediately before the 
test. 

The inactivation process was also tested on the blood pressure 
of the rabbit, in order to study whether the depressor effect of 
substance P was influenced to the same extent as the motility- 
promoting action on the intestine. With an extract prepared with 
0.125 g dry tissue per ml (extract V in Table 1) the following re- 
sults were obtained on incubation of substance P in an amount 
of 6 U. per ml at pH 6.5 (Table 2). 


Incubation time in 
min, at 38'’ C 

5 .... 
lo .... 
25 .... 
40 


Tab. 2. 

Remaining activity 
(rabbit's blood pressure) 



100 

O' 

Vo 


75 

O' 

/o 

< 

50 

/O 

< 

25 

O' 

/O 
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The experiment was repeated with a solution of substance P 
containing 2.5 U. per ml. In this case the tests were performed 
with part of the extract heated to 100° C and part of it unboiled. 
On incubation the following results were obtained (Table 3). 

Tab. 3. 

Boiled part of the extract = h 

Unboiled part of the extract = a Remaining activity 

Incubation time in min. at 38° C of a of b 

(rabbit’s blood pressure) 


15 

100 % 

1 

30 

50 % 


40 



100 % 

50 

........ <20 % 


60 


100 % 


The extract itself had no action on the blood pressure with the 
amount used. 

The rate of inactivation in the two experiments funs reasonably 
parallel, indicating that both actions are due to the same sub- 
stance. 

The effect of various pH of the incubation solution was tested 
in the case of the reactions of pH 4.0, 4.8, 6.0, 6.97 and 7.84. The 
two first pH values were obtained with buffers of citrate and 
HCl, the other ' values with buffers of primary and secondary 
phosphates. The following experiment with an extract of horse’s 
intestinal muscular coat illustrates the effect. 

An extract prepared with 0.094 g dry tissue per ml, was in- 
cubated at 38° C with a solution of substance P containing 5 U. 
per ml and buffered at the pH values mentioned above. In the 
final state the strength of the buffers was 0.038 M. As shown in 
Fig. 1, the optimal pH value of the inactivating processes lay 
somewhere between pH 6.0 and 6.97. Control experiments with 
boiled extracts were performed, and these showed that substance 
P itself was not interfered with by incubation at 38° at these 
different pH values. 

2. Extracts from the spinal cord. 

Substance P is also to be found in the spinal cord, where it is 
chiefly confined to the grey matter, as in the case of the brain. 
For that reason it seemed to be of interest to find out whether 
this tissue inactivates substance P. 

Spinal cord of the cow was used, and extracts prepared in the 




Fig. 1. Rabbit’s isolated jejunum. Influence of various pH on the inactivation 
process with extract from horse’s intestine, a, b, c, d and c corrc-spond to pH 
4.0, 4.S, 6.0, 6.97 and 7.S-1 respectively, and the injected incubated solutions 
correspond to an original amount of 2.5 U, P in 0.5 ml. 


way described above. In view of the abundance of lipoid material 
the extraction with acetone was repeated twice. Two experiments 
were made. 

The strength of one extract was 0.074 g per ml. On incubation 
with a solution of substance P containing 5 U. per ml at pH 6 . 6 , 
and with the isolated jejunum of the rabbit as test object, no 
inactivation was observed in 55 minutes. 

Another extract, the strength of which was 0.085 g dry sub- 
stance per ml, on incubation at 38° C and pH G.5 with a solution 
of substance P containing 5 U. per ml still showed no inactivation 
after 1 hour 40 min., when tested on the isolated jejunum of the 
rabbit. In neither experiment had the extracts any stimulating 
effect on the intestine. In view of the relatively small amount of 
grey matter and the fact that substance P appears to be present 
chiefly in this part, experiments were undertaken with isolated 
grey matter from the brain. 

3. Extracts froin the brain. 

Euler and Gaudum (1931) obtained some evidence that at 
least part of the activity found by Jexdrassik (1929) and Leim- 
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DORFER (1930) in extracts from the basal ganglia of the brain 
niiglit be due to substance P. The presence of this substance in the 
brain has subsequently been confirmed. The following experiments 
Avere made to test AA'hether brain tissue is able to inactivate sub- 
stance P. 

Basal ganglia from brain of man and horse Avere used, and the 
extracts prepared as described aboA^e. 

The extracts from both kinds of brain Avere prepared Avith 
0.085 g dry substance per ml. On the incubation of each extract 
AA-ith a solution of substance P containing 5 U. per ml at pH 6.5 
the foIloAving results A\'ere obtained (Table 4). The test object 
AA-as the isolated jejunum of the rabbit. 

At tlie same time tests Avere made AA-ith part of the extract 
heated to 100° C and then incubated AA-ith a solution of substance 
P at the same pH and AA-ith the same amount of substance P per 
ml as before. 


Tab. 4. 


Extract from brain of man = 1 

Extract from 

brain of horse = II 

Unboiled part of the extract = a 

Boiled part of the extract = b 

Extract 

Incubation 
time in min. 
at 38° G 

Kcmaining 
of n 

actiA’it}’ 
of b 

I 

. . 15 

Oo O' 
iO /o 


II 

, - 15 

25 % 

100 % 

I 

. . 20 


100 % 

I 

. . 30 

10 % 


The extract itself from the human brain had no 

stimulating 


effect on the intestine. 

The extract from the brain of horse had a slight stimulating 
effect on the intestine, but this effect AA-as abolished by boiling. 
When judging the incubation results in this case, a comparison 
Avas made betAveen the effect of the incubated solution AA-hich had 
been heated to 100° C immediately before testing, on the one 
hand, and the extract itself, heated to 100° C, and substance P, 
simultaneously but separately added to the bath and in correspon- 
ding amounts, on the other. The boiled extract did not influence 
the effect of substance P in this procedure, neither AA-as the ac- 
tivity of substance P itself affected by boiling at this pH. 

With another extract from the human brain, prepared from 
0.082 g dry substance per ml, no remaining actiAuty AA-as found 
after 2 hrs 55 min. AA-hen incubated AA-ith a solution of substance 
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Fig. 2. Tlic rate of inactivation with I. extract from brain, II. extract from horse’s 
intestinal muscular coat, 111. extract frorn striatetl muscle, IV. blood and extract 

from spinal cord. 

a = remaining activity in per cent on a logarithmic scale. X extract I, O extract 
11, • extract III, D extract IV, A e.xtract V in Table I; ■ extract in Table II; 

A extract in Table IV; 3 extract from striated muscle. 

P under tlie same conditions as above, wliereas part of the extract 
lieated to 100° C did not destroy any activity of substance P 
after 4 hours’ incubation. 

4. Inactivation experiments with blood. 

Euler and GaddUiM (1931) stated that substance P teas not 
inactivated by blood. In their experiments defibrinated goat’s 
blood was used, and the criterion was the blood pressure of the 
rabbit. This question has been reinvestigated, with the use of a 
purified preparation of substance P. , 

Heparine plasma from a rabbit was incubated with a solution 
of substance P for various periods and was tested on the isolated 
small intestine of the rabbit. The plasma itself had a small but 
definite stimulating effect on the intestine. This effect was re- 
duced by atropine. In order to judge of the results of the incuba- 
tion, a certain amount of the incubated mixture was compared 
with a corresponding amount of plasma and P-standard which 
were simultaneously added to the bath. Even after 3’/s hours at 
38° C the incubated mixture still showed the same effect ns the 
corresponding amount of plasma and P-standard directly added 
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to the bath. The same results were obtained with incubated solu- 
tions taken at intermediate times, showing that no inactivation 
took place. On one occasion it seemed as if the plasma made the 
intestine of the rabbit less sensitive to a following addition of 
P-standard to the bath. However, this lowering of the sensitivity 
disappeared if the usual interval of 5 minutes between the in- 
jections of plasma and P-standard was doubled. 

5. Inactivation experiments mth extracts from striated, muscle. 

To find out whether extracts from a tissue, as distinct from 
blood containing only small quantities of substance P, could in- 
activate substance P, striated muscle was chosen. 

Musculus quadriceps femoris from man was used, and the 
extracts prepared as usual. One experiment only was made. 

The strength of the extract was 0.094 g dry substance per ml. 
On incubation with a solution of substance P containing 5 U. per 
ml at 38° C and pH 6. .5, 50 % of the activity remained after 1 
hour 40 min. and after 3 hrs 15 min. about 10 % of the activity 
still remained, when tests were made on isolated jejunum of the 
rabbit. The extract itself had no stimulating effect on intestine. 
In comparison with intestinal wall and basal ganglia, the activity 
of striated muscle is thus rather low. 


Discussion. 

It has been showm that substance P occurs most abundantly in 
the muscular part of the intestine and in the grey matter of the 
brain. The present experiments have aimed at finding out whether 
these tissues are capable of inactivating substance P, as might be 
expected if the substance has a biological significance in these 
organs. The inactivation effects have been considerable; thus 
about half the inactivation of substance P had taken place after 
about 20 min. with extracts prepared from about 0.1 g dry tissue 
of intestinal muscular wall per ml at 38°. The inactivation ap- 
peared to an equal degree when tested on the isolated small in- 
testine of the rabbit and in experiments on the blood-pressure of 
rabbits. It is interesting to compare the power of inactivation in 
I g horse’s intestine with the amount of substance P which can 
be extracted from the corresponding amount of intestine. Euleb 
(1942) states that in a preparation 32,000 U. P was extracted 
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from 10 kg horse’s intestine, or '3.2 U. per g intestine. In the ex- 
periments described above about 0.1 g dry tissue, corresponding 
to 0.5 — 0.7 g fresh tissue per ml, inactivated 2.5 U. P out of 5 
in about 20 min. This means that theoretically 1 g of the muscular 
part of the intestine can inactivate in 20 min. about »/4 of the 
amount of substance P that can be extracted from it. 

There seems to be little doubt that the inactivation of sub- 
stance P brought about by the various tissue protein extracts is 
of enzymatic nature with an optimal pH between 6.0 and 6.97. 
This conclusion is supported partly by the methods of prepara- 
tion on producing the tissue extracts, partly by control experi- 
ments with boiled tissue extracts compared with an unboiled 
part of the extract. We are not in a position to give much detail 
concerning the nature of tlie enzyme, but it seems highly probable 
that it belongs to the group of polypeptidases or cathepsines. Its 
occurrence in tissue extracts and its action on substance P, which 
is of protein nature, points in this direction. Cathepsine activity 
has been described in extracts of* brain (Edlbacher et al.) but not, 
so far as we are aware, in smooth muscle tissue. 

It is worthy of note that extracts from the ])ure muscular coat 
of intestine should possess such a strong inactivating effect on 
substance P, i. e. proteinase activity. This fact, combined with 
the relatively large quantities of substance P present in the mus- 
cular coat, seems to support the opinion that substance P is of 
physiological importance, presumably for the regulation of the 
motility of the intestine. 

It also imoved of inteorest to establish whether any inactivation 
was achieved with extracts from the central nervous system, 
which has proved to contain considerable quantities of substance 
P. No inactivation was shown with extracts from the spinal cord, 
but with extracts from the basal ganglia the effect was strong. 
Considering the fact that substance P appears most abundantly 
in the grey matter, comprising the chief material for the basal 
ganglia, it seems as if there was a certain connection between the 
amount of substance P and the inactivating strength of the tissue. 
Extracts from tLssues with small inactivating power, such as 
striated muscle or blood, are poor in substance P. 

The close correspondence in the inactivation experiments with 
extracts from the brain of man and horse affords reason to believe 
that a similar correspondence exists between extracts of other 
organs from man and horse. 
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Summary. 

The inactivating power of protein tissue extracts was studied 
on a purified preparation of substance P from horse’s intestine. 

Extracts from the muscular coat of horse’s intestine, correspon- 
ding to 0.1 g dry tissue pr ml, causes half inactivation of sub- 
stance P in 5 imits per ml in about 20 minutes at pH 6.5 and 38° C. 

Extracts from basal ganglia of brain from man and horse pre- 
pared in the same way have a still stronger inactivating power on 
substance P. These effects are abohshed by boiling the extracts, 
indicatmg that the inactivation is of enzymatic nature. The pH- 
optimum of this reaction is between pH 6 — 7. 

Extract from striated muscle proved to have comparatively 
feable inactivating action on substance P, whereas blood and 
extracts from spinal cord were without action at the concentra- 
tions studied. 
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If-metliylierte Skopolcimiiiderifate.’ 
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EBBE NYMAN 
Eingcgangen am 15 Jnni 1943. 


In einer systematisclien Arbeit iiber den anticholinergisclien 
Effekt einer Eeihe von zur Atropingruppe gehorenden Alkaloidon 
bat Verf. (1942) geivisse der Beobacbtungen v. Issekutz’s (1917) 
bestatigt nnd enveitert, u. a. die, dass N-metyliertes Atropin 
(fiinfivertiger Stickstoff im Tropinteil des Molekiils) in geivissen 
Bezieliungen eine erheblich starkere periphere anticholinergisclie 
Wirkung hat als gevolmliches Atropin (dreiwertiger Stickstoff). 
Das Metliylatropinnitrat ist seit langcm iinter dem Patcntnamen 
Eumydrin (Bayer) bekannt und hat als Spasmolyticum, nament- 
lich bei der Behandlung des Pylorospasmus der Siiuglinge, aber 
auch zu anderen Zwecken, eine ziemlich ausgedehnte Venvendung 
gefunden. Sonstige Methylatropine scheinen bisher in der The- 
rapie eine sehr bescheidene Ilolle gespielt zu haben. 

Methylatropine mit funfvrertigcm Stickstoff diirften nicht in 
der Natur priiforraiert vorkommen. Zum ersten Male warden 
Verbindungen von diesem Tj-pus Sulfat und Jodid, von Bnowx 
und Fraser (1869) dargestellt, deren Angaben Uber die Eigen- 
schaften in extenso zitiert zu werden verdicnen: »We also have 
seen and our observations agree with those of many previous 
experimenters, that when a salt of atropia is administered in a 
large dose to a dog, the predominant symptoms are those of 
paralysis coexisting with con\Tilsion.s. The experiments we have 

» Die UntersiicJiung mirde mit Beitrng scitcns Stiftelscn Thcrese und Johan 
Anderssons Miime au.sgcfuhrl. 
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now described show that convulsions are never produced by salts 
of methyl atropium, but that the predominating symptoms of 
their action are those of paralysis alone. It is therefore obvious, 
that by the chemical addition of jodide or sulphate of methyl, 
some important change has been affected in the action of atro- 
pia, by which its power to produce convulsions has been removed)). 

Die Darstellung von Atropinalkylnitrat wurde 1901 von Bayer 
patentiert (DRP. 137622 u. 138443). Im nachsten Jahr (1902) 
wurde das Patentrecht durch Merck auf die Darstellung von 
Alkylbromiden der Tropeine und Skopoleine ausgedehnt (DRP. 
145996). In der Patentschrift wird auf Untersuchungen von 
Vaubel (1902) und Darier (1902) verwiesen, laut welcher das 
Methylatropinbromid weniger toxisch sein soil als die gewohn- 
licheh Atropinsalze. Dem widerspricht eine Angabe Prakkels 
(1901), nach der die Dosis letalis minima fiir Methyl- und Athyl- 
atropin erheblich niedriger sein soil als fiir die gewohnlichen 
Atropinsalze. Nach der letzten zur Verfiigung stehenden ein- 
achlagigen Untersuchung, welche von Graham und Lazarus 
(1940) ausgefiihrt wurde, ist die Giftigkeit des Methylatropinni- 
trats im Tierversuch deutlich grosser als die des Atropins (bei 
jntraperitonealer Zufuhr bei Mausen dreimal so grosse Toxizi- 
tat). 

Vaubel (1902) hat die Wirkung des Methylatropinbromids 
(von Merck hergestellt) mit der des Atropinsulfats verglichen 
und dabei u.. a.- gefunden, dass die Methylverbindung als Mydria- 
ticum sowohl beim Menschen wie der Katze einen rascher ein- 
setzenden und wesentlich kiirzeren (1/12 — 1/18) Effekt hat als 
das letztere. Ferner wurde eine geringere Beeinflussung des Herz- 
vagus konstatiert. Auch die zentralen Wirkungen wurden als 
schwacher beurteilt, Uber ahnhche Erfahrungen hat Pohl (1904) 
berichtet. 

Die Angaben Vaubels stehen jedoch nicht im Einklang mit 
den Ergebnissen spaterer Versuche mit einem anderen Methyl- 
derivat, dem Methylatropinnitrat (Eumydrin). Nach Erbe 
(1903), Goldberg (1903),' Lindenmeyer (1903) imd Grube 
(1905) ist die mydriatische Wirkimg des Methylatropinnitrats 
zwar micht so anhaltend wie die des Atropinsulfats, aber der 
Unterschied erreicht bei weitem nicht die von Vaubel angege- 
bene Grossenordnung. Nach v. Issekutz (1917) ist Methylatro- 
pinnitrat als Mydriaticum mit Atropinsulfat in eine Reihe zu 
stellen, wahrend die diesbezugliche Wirkung desselben nach 

17 — i 3212 G . Acta phps . Scandinav . Vol . 6 . 
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Verf. (1942) etwas starker als die des Atropinsulfats ist (1,3 : 1). 
Der Effekt. auf den Herzvagus stimmt anch niclit init Yaubels 
Angaben iiber das Bromid iiberein. Nach v. Issekutz (1917) 
fiilirt die Umwandlung der Tropcine in quartitre Ammoniura- 
basen zu einer starken Stcigerung ilirer Herzvagusnirkimg (bei 
Yersuchen am Froscli ca. das Achtfaclie). Verfs. Erfalirungen 
(1942) von Yersuchen am Jlenschen lehren, dass die Herzvagns- 
tvirknng des I^Iethylatropinnitrata venigstens dreimal so stark ist 
vie die des Atropinsulfats. 

Y’ie V. IssEKUTZ (1917) konntc auck Yerf. (1942) eine inar- 
kante Stcigerung der sckretionshemmenden Eigenschaften der 
N-methylierten Deri va to im Yergleicb zu den Stammverbin- 
dungen nacbveisen. Die zentrale Ybrkung des Methyiatropinni- 
trats und Metbylhomatropinnitrats bei Yersuchen am Erosch 
vird von v. Issekutz init 1/30 — 1/50 der betreffenden Stamin- 
verbindung angegeben. 

Yaubel (1902) schloss seine Yeroffentlichung mit den lYorten, 
er vare mit veitercn Arbeiten iiber Methy]atropinbron)id bo- 
schaftigt und stilnde im Begriff, auch Athylatropinbroraid, Me- 
thylliomatropinbroraid und Methylhyoscyaminbromid sovie, vas 
in diesem Zusammenhang besonderes Interesse besitzt, Blcthyl- 
skopolaminbromid zu untersuchen. Die Resultate viirden »dcm- 
niich^t zur Yeroffentlichung gelangen». Eine Fortsetzung der 
Yaubelschen Arbeiten war indessen im zur Yerfiigung stehenden 
Schrifttum nicht zu finden. Recht bemerkenswert erschcint da- 
her eine Angabe in einer der obenerwiihnten Patentschriften 
(DRP. 145996), welche aus dcmselben Jahr stammt vie Yau- 
bels Arbeit (1902). In dieser heisst es: »Die Untersuchung der 
Bromide vmn iilinlichen Derivaten andercr Alkaloide der Tro- 
pein- und Skopoleingruppe hat veiter gezeigt, das.s sich diese 
Yerbindungen auch vor den urspriingliclien Alkaloiden vorteil- 
haft auszeichnen, indent ihnen die unervUnschten Rebenvirkun- 
gen entveder ganz felilon oder venigstens stark zuriick'trcten, 
vahrend die geschiitzfcen Eigenschaften der PfJanzonbasen ilinon 
erhalten bleiben». 

Y'elche experimentellen Erfalirungen mit N-methyliertcn Sko- 
polaminen dieser Behauptung zugrunde liegen, vird jedoch vo- 
der aus der Patentschrift noch auf dcm erreichbarcn Schrifttum 
ersichtlich. Yermutlich handelt es sich lediglich urn einen e.vperi- 
nientell nicht begriindeten Analogioschluss. 

Frankel (1921) hat in einer spiiteren Auflage seiner .-Ukaloid- 
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monographie diesen Passus in der Patentschrift wie folgfc abge- 
andert. »Durch Eimnrkung von Alkylbromid auf Atropin, Hyo- 
scyaniiri, Skopolaniin orhalt man dia ontsprecbondon broinwas- 
serstoffsauren Salze der quartaren Basen, denen die Gehirn- 
■ivirkungen fehlen». 

Darier (1902) beschrankte sich darauf, die mydriatische Wir- 
kung des Metliylatropinbromids zu untersucben, welche er in ein- 
bis zweiprozentigen Losungen analog der des Atropinsulfats fand. 
Ein Tropfen einer 1 %igen Losung bewirkte in Kombination 
mit l%igem Kokain eine fast maximale Mydriasis obne nennens- 
werte Akkomodationslahmimg. 

Der Vermutung, dass die zentralen Wirkungen von sowobl 
Atropin- wie Skopolaminderivaten durcb N-Methylierung abge- 
schwacht wiirden, muss ein grosses tbeoretiscbes und praktisches 
Interesse zugescbrieben Averden. Hinsicbtlicb der N-metkylierten 
Atropinderivate liegen so umfassende experimentelle Erfahrun- 
gen vor, von 'welcben im vorstebenden nur einige angefiibrt wer- 
den konnten, dass die Frage schon mit Sicberheit als im beja- 
henden Sinne beantwortet eracbtet werden kann. Die Methyl- 
atropine hahen in hleineren Dosen zweifellos eine geringere Affini- 
tat zum Zentralnervensystem als die Stammverhindungen, obwohl 
ihre Toxizitdt grosser ist. Was N-methylierte Shopolaminderivate 
hetrifft, so ist die Frage allem Anschein nach noch offen, wenn auch 
von verschiedener Seite unhewiesene Behauptungen uher analoge 
Verhdltnisse vorgehracht worden sind. 

Der zentrale Effekt des Atropins bestebt beim Menschen zu- 
nacbst in der Auslosung eines rauscbabnlicben Exzitationssta- 
diums, eines eupboriscben oder deliranten Zustands. Diese Wir- 
kung kommt meistens jedoch erst nacb Dosen zum Vorschein, 
welcbe in der Eegel betracbtlicb tiber den therapeutiscb ver- 
wendeten Mengen liegen, wenn man von der Bebandlung des 
Parkinsonismus absiebt. Nacb sebr grossen Dosen wird das Er- 
regungstadium von Elrampfen und einer zunebmenden allge- 
meinen Lahmung des Zentralnervensystems abgelost. 

Skopolamin bingegen iibt beim Menscben in sebr kleiner Dosis, 
obne ein H 3 q)noticum im engeren Sinne zu sein, einen dampfen- 
den Effekt auf die Reflexerregbarkeit und Motilitat aus. Diese 
Wirkung ist nacb u. a. Burr imd Seta very (1926) in die basalen 
Ganglien zu verlegen. Diese Wirkungsunterscbiede zwiscben 
Atropin und Skopolamin erscbweren in gewissem Umfang einen 
Vergleicb der durcb N-Metbylierung entstebenden Veranderungen 
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in den zentralen Eigenschaften dersclben. Noch cine wiclitiiro 
nnd augenfallige Differenz in der Wirkung dcs Atropins und 
Skopolamins muss in diesem Zusammenhang kurz gostreift wcr- 
den. Wahrend Atropin schon in ziemlich miissigen Dosen eine 
deutliclie Herzvaguswirkung liat, sclicint Skopolamin der ullgo- 
meinen Erfahrung nach in therapeutiscli anwendbaren Dosen 
beim Jlensclien unter normalen Bedingungen keine sichere Be- 
einflussung des Herzvagus in Form von Piilzfrequenzsteigerung 
auszuiiben, obwohl der sonstigc Effekt des Mittels auf gewisse 
periphere cbolinergisclie Funktioncn nach Verfs. Untersuchungen 
(1942) dreimal so stark ist •\vie der des Atropinsulfats. Die Ur- 
sache dieses Unterschieds erscheint recht dunkel. Moglicher- 
weise hangt derselbc mit der ausgesprochenen Affinitat des Sko- 
polamins zum Zcntralnervensystem zusammen sowie mit der 
verschiedenen Verteilung des Alkaloids in den einzelnen Gewe- 
ben. 

Der Ausgangspunkt fiir Verfs. Untersuchungen uber N-ine- 
thylierte Skopolaminderivate bildeten also die Beobachtungcn 
iiber die Steigerung der peripheren anticholinorgischen Eigen- 
schaften N-methylierter Atropinderivate sowie die gleichzeitige 
Abschwachung der Zentralen Wirkungen dersclben, ferncr die 
Feststellung der fehlenden Herzvaguswirkung des Skopolamins, 
einer Eigenschaft, deren Verfolg dutch Methylierung Interesse 
besitzt. 


Eigene Uiitersuclmngen. 

Den vorliiufigen Andeutungen, welche Verf. (1942) gemacht 
hatte, konnen jetzt systematische Untersuchungen iiber zwei N- 
methylierte Skopolamine angerciht werden, niiralich lilcthylsko- 
polaminnitrat und ^lethylskopolaminbromid ini Vergleich zuSko- 
polaminhydrobroniid.^ Dieselben sind auf Verfs. Wunsch von 
Pliarmacia Ag., Stockholm, hergcstcllt ivordcn, deren Chcfchc- 
miker, Herr Ingenieur E. Askelof, hierbei keine Miihe gcscheut 
hat; Verf. gestattet sich, hierfiir an dieser Stelleseinen ergebensten 
Dank auszusprechen. Die Daten der beiden untersuchten Sub- 
stanzen sind folgende: 


‘ Im folgenclcn nbgckiirzt: 

Skopolaminhydroliromid ~ SHB. 
Jlfthylnkopolaminnitmt MSN. • 
Methylskopolnminbromid — MSB. 
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MSN.: farbloses, kristallinisches Pulver, Schmelzpunkt 179°; 

MSB.: farbloses, kristallinisches Pulver, Schmelzpunkt 187° — 
189°. 

Beide sind in "Wasser leicht loslich. Die neuen Substanzen 
sind bisher fol^endermassen untersucht vorden: 

1. antagonistische Wirkung gegen von Pilokarpin beim Men- 
schen hervorgerufene Speiclielsekretion, 

2. mjdriatische Wirkung beim Menschen, 

3. Hei-zvaguswirkung beim Menschen, 

4. zentrale AVirkung beim Menschen, 

5. Toxizitatspriifung an Aveissen Mausen. 

1. Hemmung der Sfeichelsekretion. 

Die Versuche sind an zwei gesunden Manner im Alter rund 25 
Jahren ausgefiihrt Avorden. Beide hatten schon Amrher als A^er- 
suchspersonen fungiert und reagierten zur Zeit der A^ersuche auf 
Pilokarpin mit konstanter Sekretion. In bezug auf Einzelheiten 
der Methodik soA\-ie Grundlagen fiir die Berechnung der relati\’'en 



Relative Wirkungsstarke einiger Skopolaminderivate auf die von Pilokarpin- 
hydrochlorid bei Versuchsperson E ausgeloste Speiohelsekretion der einen Pa- 

rotisdriise. 

y = Speiohelsekretion in g ivahrend der ersten Stunde nach der Pilokarpinin- 
jektion. 

X = Dosis der hemmenden Substanz in y pro 10 kg Korpergen-icht ausge- 
druckt. 

# = Methylskopolaminbromid. 

O = Skopolaminhydrobromid. 

@ = Methylskopolaminnitrat. 
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Starke der hemmenden Substanzen im Yergleicb zum SHB. 
wird aiif Verfs. vorangebende Arbeit (1942) verwiesen. 

Die Resultate werden aus Abb. 1 er.sichtlich. Ganz alinliche 
Ergebni.sse wurden bei der anderen '\''ersuclisperson erlmlten. Die 
Starkeverlialtnisse der neuen Substanzen gegenuber SHB. hin- 
siclitlich der von Pilokarpin hervorgerufenen Speicliclabsondcr- 
ung aus der cinen Parotis sind folgende; 


SuhstJinz 

Vorsiichs- 
person E. 

Versuchs- 
pcrson 0. 

.Mittel. 

wort 

Jlethyl.skopokrninnitrat 

0.071 

0.0G5 

0.07 

.Skopolaminhydrobromit! 

0.0.59 

0.0C2 

O.Ofi 

Mcthylskopolaminbromid ..... 

0.042 

0.0.51 

0.05 


Als Starkerelationszahlen beziiglich Speichelsekretionshcm- 
mung ergeben sick also, wenn SHB. — 1 gesetzt wird, fiir MSN. 
1.2 und fiir MSB. 0.8. Gebt man vom Atropinsulfat (1/3 SHB.) 
axis, so sind die betreffenden Werte 3.6 bzw. 2.4. McthyhkopoJa- 
minnitrat isl miiMn das sldrJcsie aller bisher bekannten spcichelsek- 
relion shemmenden Pharmaka . 

In Hinblick darauf, dass MSN. die Speicbelselcretion stiirker 
bemmt als SHB., kann es verwunderlich erscbeinen, dass MSB., 
welches docb auch fiinfwertigen Stickstoff entbalt, trotzdcm 
scbwacber ist als SHB. Zwecks weiterer Kltlrung dieses Sacbver- 
halts wurde, teilweise in noch andercr Absicht, mit den drei 
Substanzen cine Vergleicbende Untersucbung an 10 Manncrn im 
Alter 21—35 Jabre, welche bei verschiedenen Gelegenheiten 0.3 
mg subcutan von jeder Substanz erbieltcn, angestellt. Die iibri- 
gen Resultate dieser vergleicbenden Studie sind im Abscbnitt 
3 und 4 angegeben. Hier sei zur Veranscbaulichung der schwii- 
cberen Wirkung des MSB. angefubrt, dass siimtliche Versuchs- 
personen bei dieser Verbindung ein rascber voriibergcbendes 
Trockenheitsgefiibl in der Mundhoble angaben als bei den ande- 
ren, mit Ausnabme des SHB. in ein paar Fallen. Die Daucr der 
Wirkung betrug laut Ausserungen der Versucbspersonen im Mit- 
tel nur ca. ‘/j von der des MSN. Dieser Umstand kann cincr 
scbnelleren Ausscheidung des MSB. zugescbriebcn wexdcn, wcl- 
che ihrerseits geeignet ist', den scbwacberen speicbelhemmenden 
Effekt dieser Verbindung zu erkliiren. 
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Mydriasis. 

Die mydriatische Wirkung der neuen Substanzen ^vnirde in der 
fruber von Verf. (1942) verwendeten Weise mittels des Hess- 
scben Pupilloskops durch Bestimmung der pupillomotorischen 
TJnterscbiedsempfindliclikeit gepriift. Bei zivei Versuchsfersonm 
war der mydriatische EffeU fiir beide Substanzen pralctisch derselbe 
tmd gleichgross soivie ebenso anhaltend ivie die Wirhung von SHB. 

3. Herzvagnsmrhung. 

Bei 10 gesunden Mannern im Alter 21 — 35 Jabre wurde der 
Grad der Pulsbeeinflussung nacb subcutaner Injection von je 
0.3 mg der neuen Substanzen sowie SHB: ermittelt. Die Puls- 
frequenz wurde im Laufe von 60 — 80 Blinuten nacb der Injektion 
alle 10 Minuten bestimmt. 

Die Resultate werden aus der folgenden Tabelle ersicbtbch, in 
der man bei SHB. die grosste Abweicbung vom Rubepuls und bei 
den iibrigen Yerbindungen die hocbste beobacbtete Pulsfrequenz 
in Prozent des Ausgangswerts findet. 


Versuchs- 

person 

Geivicht 
in kg 

Alter 

Puls- 
frequenz 
in Ruhe 

Maximale Pulsfreqiienz.’inderung in 
Prozent des Ruhewerts nach 0.30 mg 
subcutan von; 

Skopolamin- 

hydrobromid 

Methylskopo- 

laminnitrat 

Methylskopo- 

laminbromid 

J. T. . . 

76 

24 

62 

+3 

-fSO 

+39 

s 

51 

25 

65 

—2 

+54 

+41 

J 

65 

24 

60 

±0 

+48 

+63 

T 

64 

21 

64 

+5 

+35 

+38 

B 

75 

31 

60 

—2 

— 

+53 

S. S. . . 

68 

25 

52 

+4 ■ 

+73 

+58 

G. J. . . 

72 

35 

55 

+7 

+64 

+21 

H. H. . . 

70 

21 

66 

+0 

+30 

+ 24 

E. L. . . 

70 

23 

66 

—3 

+58 

+30 

I. S. . . . 

75 

24 

62 

— 

+61 

+ 19 

Mittlere Abweichung in Prozent 

+2 

+51 

+39 


Die alte Beobachtung, dass SHB. in tberapeutiscb verwend- 
baren Dosen den Herzvagus nicbt merkbar beeinflusst, wird 
also deutbcb bestatigt, und zugleicb stellt sicb beraus, dass die 
N-meihylierten Shopolaminderivate die fiir die ganze Atropingruppe 
im ubrigen charaMeristische Bigenscliaft zurucherhalten hahen, die 
Wirhung des Herzvagus zu hem-men. Der Effekt ist sebr markant, 
und wenn aucb der Unterscbied zwiscben dem Nitrat imd Bro- 









264 


EBBE KYMAIh. 


mid niclit statistisch sicher ist, so ist doch die Tendenz da; das 
Nitrat iibt auch in dieser Bezieliung eine stiirkere Wirkung aiis' 
als das Bromid, 


4. Zenlraler Effcht. 

Samtliclie Versuclispersonen bei den iin vorigen Absciinitt (3) 
besprocbenen Experiinenten wurden ancli in bezug aiif die zen- 
tralen Wirkungen der einzelnen Skopolaminderivatc beobachtet. 
Nach SHB. (0.3 mg subciitan) wiesen sie siimtlicli die typischc 
Abstumpfung und fast alle eine melir odei' weniger ansge.sproclie- 
ne, ataxiealinliclie Gangstorung aiif. Nach den N-mcthyJierlen 
Derivalen war in keinern Fall anch nur cine. Spur dieser Tf'/ril-aH- 
gen zu cntdeckcn. 

Um die Frage der zentralen Wirkung fernerbin zu beleuclitcn, 
wurden die einzelnen Verbindungen in Dosen von bis 0,0 mg bei 
einem Fall von hochgradiger arteriosklerotischer Demenz (alte 
Frau mit ausgesprocliener motorischer Unrube, welcbc monatc- 
lang unveriindert bestanden batte) subcutan ijijizicrt. Sebon 
nacb 0.3 mg SHB. trat cine miissige Hemmung der Motorik eiu, 
wclcbe nacb 0.6 mg ausgepragter und von Somnolenz begleitet 
war; 0.0 mg versetzten die Kranke in tiefer Scblaf. Nicbt einmal 
0.9 mg der beiden N-methylierten Derivatc konnten bei dic.sem 
Fall die motorisebe Unrube aucb nur andeutungsweise boein- 
flussen. Ebensowenig wurden andere Wirkungen als Trockeubeit 
der Mundboble, Mydriasis und Tacbykardie fe.stgostollt.. 

5. Toxizitalsbcstimimmg. 

Diese wurde an Aveissen blausen, deren Gewiebt zwiseben 8 
und 12 g lag, in dcr Weise ausgcfubrt., dass SHB., MSN. und 
MSB. pro g KorpergcAvicbt dosiert, intraperitonesil injiziert Avur- 
den. Jede Dosis Avurde an 10 Tieren gepriift. In denjenigen Fallon 
Avo die Tiere eingingen, gesebab dies regelmiissig nacb einem mit 
Atmungsltibraung endenden Krampfstadium. Silmtlicbe Todes- 
fiille nnter den Tieren traten binnen einer Stundc nacb dcr In- 
jektion ein, in der Regel sebon nacb AV’cnigcn Minulen, Die Toxi- 
zitat zeigte sicb bei MSN, und MSB, ca. dreimal so gross Avie die 
Giftigkeit des SHB., durch Verglcicb der DL 50 bereebnet. Das 
Ergebnis stebt also in gutem Einklang mit der A*on Gbaham 
und Lazarus (1940) angegebenen Toxizitiitsrelation zwiseben 
Atropin und Metbylatropinnitrat, Avelcbe 1 : 3 AA-ar. 
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Zusammcnfassung. 

Es wird iiber systematische Untersuchungen zweier neuer, N- 
metliylierter Skopolaminderivate, des Methylskopolaminnitrats 
und Metliylskopplaminbromids, bericbtet. Als die Speicbelsekre- 
tion hemmendes Mittel ist. das erstere starker als Skopolamin- 
bydrobromid und darait die in dieser Beziebimg starkste bisber 
bekannte Verbindung. Der mydriatiscbe Effekt entspricbt im 
grossen ganzen dem des Skopolaminhydrobromids. Im Gegen- 
satz zur Stammverbindung baben die beiden neuen Derivate 
einen markanten Einfluss auf den Herzvagus beim Menschen. 
Es wird gezeigt, dass diejenige Eigenscbaft des Skopolaminhyd- 
robromids, Avelcbe der sedativen Wirkung desselben auf das 
Zentralnervens}’'stem des Mensclien zugrunde liegt, bei den neuen 
Derivaten. eliminiert ist. Die Toxizitat fiir Miiuse ist auf ca. das 
Dreifacbe gesteigert. 
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Pliysico-cliemical and micrurgical methods have been used 
by various workers in attempts to obtain information concerning 
the colloidal system in the cell micleus. Hammarsten and Teo- 
EELL (1928) have shown that lanthanic nitrate precipitates the 
colloids of the red blood cell nucleus of Triton. In order to make the 
salt penetrate the cell membrane they added small quantities of 
saponin. Most of the work, however, has been perfonned on plant 
cells. Wada (1930) has observed the thixotropic properties of the 
nucleus and has been contradicted by P6terfi and ICojima 
(1936), who adopt the view that the so-called thixotropic proper- 
ties are caused by the inevitable diffusion of electrolytes into the 
nucleus when its membrane is damaged. 

In their paper PIiterfi and Kojima (1936), working on the colls 
of Tradescantia, show that the nucleus is not appreciably thixo- 
tropic, that injection of water and hypertonic NaCl solution pro- 
duces manifestations of hitherto unobserved structures, and fi- 
nally, that injection of M/1000 acetic acid into the nucleus causes 
shrinkage and precipitation of the micleus wdiereas hl/lOOO KOH 
applied in the same manner causes the nucleus to liquefy totally 
and swell considerably. 

From the e.xperiments described in this paper it will be seen 
that the animal cell nucleus reacts differently from that of the 
plant. 

Methods: The cells were treated in a Chambers’ microraanipulutor 
with a moist chamber. The cros.s-sectional area of the glass tips used 
was not greater than 2 /r. The material con-sistcd of red blood cells 
from Bana temporaria, whose blood cells arc excellently adapted 
to micrurgical handling in view of their large dimensions (2a // x 10 //). 
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The blood was kept from clotting with heparin and was then suspended 
in various solutions and viewed in the dark field microscope. Thus 
observed, fresh blood cells from the frog are optically empty (cf. Fi- 
gure 1). At most the outline of the nucleus is marked by a very fine 
bright contour. The cells were then penetrated with the glass needle. 
Sometimes only the outer cell membrane was pierced, in other cases 
the nucleus membrane also. Some observations were also performed 
on red blood cells suspended in solutions containing a minute quantity 
of saponin. In some instances after perforation the nucleus was seen 
to be filled with diffracting material in the form of tightly packed 
granules (cf. Figure 1); this was taken as evidence that precipitation 
of the nuclear colloids had occurred. 



Fig. 1. Red blood cells from frog suspended in 0.11 M. NaCKsol. Dark-field 
microscopy. Largest diameter about 25 ft. Arrow indicates cell perforated by 
glass needle. Note precipitated nucleus. 
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b) Influence of concentration. 

With hypertonic (0.5 M) and hypotonic (0.05 M) solutions of 
the salts indicated in the first two sections of the table no pre- 
cipitating effects could be seen, with the one exception that Na 
citrate in 0.05 M solution has a very weak effect which disappears 
in 0.025 M solution, as might be expected from its place in the, 
lyotropic series (see below). 

c) Influence of pH. 

As buffer AVas used a 0.1 % solution of gelatine in distilled water 
Atith additions of 0.11 M acids and bases. In this buffer the salts 
to be investigated were dissolved in isotonic proportions. 

Na CNS in 0 . 1 1 M solution has a pH of about 5 — G and does not 
precipitate the nucleus, hlixtures of NaOH and HaCNS buffer 
Avith pH 7, 8, 9, and 10 were made. At pH 9 and 10 precipitates 
AA'ere obserA'ed. 

Na citrate in 0.11 M solution has a pH of about 8. jMixtures of 
citric acid and Na citrate buffer AA'ere made AA'ith pH 3, 4, 5, and 6 . 
Mixtures Avere also made with NaOH at pH 9 and 10. In all 
cases precipitation occurred. 

Discussion. 

It is knoAA'n that the cell nucleus contains nucleohistone as pre- 
dominating colloid. Bakg has already shoAVn that histone from cell 
nuclei is precipitated by isotonic, but not by liA’pcr- and liypotonic 
solutions of NaCl and CaCL or by distilled AVater. It is further 
knoAA'n that lyophilic colloids can be precipitated by salts and that 
the precipitating effect of the various ions increases in the following 
series (at pH < 7) 

Thicyanate < iodide < chlorate < nitrate < chloride < acetate 
< sulpliate < tartrate < citrate 

and 

Mg • • < NH 4 • < Na • < K • < Li •. 

The effect of changing the anions is much less than is the case 
for the cation. In alkaline solution the series is rcA’^ersecl. 

Considering the facts related aboA'c one is led to the conclusion 
that the colloids of the nucleus folloAA' rules aa'cII knoAvn in colloid 
chemistry, Avith a few exceptions. The order of the lyotropic .scries 
cannot be rcA^ersed by shifting the pH. This may depend on the 
fact that the nucleus is a mixture of tAVO colloids with optimal 
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precipitating tendencies at different pH, the nucleic acid at pH 3 
and the histone at pH 8. Thus these critical states will dominate 
the picture, and precipitation will occur before the reaction has 
changed enough to reverse the lyotropic series. It may also be 
doubted whether small pH variations have any appreciable effect 
on the certainly strongly buffered colloidal system of the nucleus. 

The precipitating effect of the plasma may be attributed to 
its high concentration of Clhons. The polyvalent heavy metal 
ions Fe " ■ and La ' ' * have their usual precipitating effects on 
the proteins. 

The electrically neutral sucrose does not precipitate the nucleus, 
nor is this to be expected. 

The exact nature of the process in the nucleus, whether it be a 
denaturation or dehydration, a “coacervation” or something 
else will not be discussed here. With the facts which are at hand, 
the conclusions cannot be more than vague hypotheses. 

The effect on the nucleus following perforation of the outer 
membrane occurs very quickly, and is not dependent upon 
whether the nucleus membrane remains untouched or is perfo- 
rated by the needle. The same picture is seen when both membranes 
are submitted to the destructive influence of saponin. In fact, 
where permeability is concerned no nuclear membrane seems to 
exist. Several authors, however, have postulated the existence of 
a nuclear membrane proper. Hamburger and Skowron and 
Skowron", investigating the osmotic changes of nuclei, ascribed 
the volume changes observed to a membrane effect.^ Volume 
changes, however, might equally well occur if the nucleus presented 
an open phase boundary to the protoplasm, the nucleus being a 
more compact gel suspended in the more fluid protoplasm. A 
piece of gelatine in salt solution may show osmotic volume changes 
like a more or less perfect osmometer in spite of the absence of a 
specific membrane. 

Summary. 

1) Red blood cells from frog were micromanipulated in the 
presence of various electrolytes and other solutions. The induced 
changes were observed. 

2) From the observations it wms concluded that the nucleus 
contains a labile lyophilic system of colloids which obeys the usual 


' Cited from Heilbruitn {1936). 
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rules for suet systems. The validity of the lyotropic series of ions 
■was established, 

3) With regard to its permeability to different ions, the nuclear 
membrane does not appear to exhibit any restraining or selective 
properties -whatever. 
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Since the middle of last century it has been known that the 
reaction of the urine is changed in alkaline direction after a meal 
(Bence Jones 1845). Later on it has been shown that a similar 
change occurs in the course of the first 3 or 4 hours after the 
awakening in the morning, even if no meal is consumed (Leathes 
1919, Nicolaysen 1932). While the occurrence of the morning 
alkaline tide has not been satisfactorily explained, the postpran- 
dial alkaline tide is generally supposed to be due to the secretion 
of acid in the stomach. 

Some facts, however, seem to indicate that the postprandial 
alkaline tide is no simple reflection of the amount of acid secreted 
after a meal. Roberts (1859) has described the alkaline tide as 
beginning about one hour after the meal and lasting for a further 
three hours, and this has been confirmed by several .other authors. 
Some papers even indicate that the pH of the urine may decrease 
during the first hour after a meal (Hasselbach 1912, Barnett 
and Blume 1938, Campbell 1920), but nobody seems to have 
paid much attention to this phenomenon. 

Most investigations concerning the pH of the urine are carried 
out by means of a rather primitive technique. The purpose of the 
present article has been to investigate the variations in the reac- 
tion of the urine using more adequate methods and especially 
to ascertain, how the pH of the urine varies during the first hour 
after a meal. 
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Experimental procedure. 

pH ^as measured by means of a glass electrode and a Radiometer 
potentiometer. The urine samples Tvere obtained by letting the person 
experimented on inicturatc into a glass bottle containing a small amount 
of paraffin oil. When this technique is used some carbon dioxide may 
be lost before, the urine is covered by the paraffin oil. This Avill have 
no important influence upon the results, as shown by experiments 
•where a part of the urine was emptied into another glass with the penis 
submerged in the paraffin oil. The difference in pH never exceeded 
0.0 2 — 0.0.S pH, even when the urine was most alcaline. As the urine 
samples were left in an ice-box for up to seven hours before the pH 
was determined, a few drops of toluene were added to prevent bacterial 
decomposition. No measurable change in pH was induced by storing 
the urine in this way. 

It appears from the literature on the subject that great variations in 
the pH curves arc found when the measurements arc carried out on 
different persons under arbitrary conditions. In my experiments the 
persons experimented on lived quite rcgularl}' for periods of several 
days, taking their meals and sleeping at the same hours, and every 
unnecessary muscle activity was avoided. Thus the pH variations of 
the urine could be followed during several days under constant experi- 
mental conditions. It was then possible to produce average ourcoA in 
which the accidental variations from day to day arc to some degree 
■eliminated, while the effect of the meals and the remaining regular 
variations in pH arc distinctly seen. By that ^iroccdure the results 
were more regular and easier to explain oh the individual days of the 
experiments too, po.ssibly because of the fact that the meals were taken 
at the same hours during a long period of time. 

Exporimontal. 

In the first experiment the jiH of the urine was determined in two 
persons during a period of 21 days. The persons experimented on were 
two medical studente, E. A. and C. T., both having shown a normal 
secretion of gastric juice. E. A. slept from 12 p.m. to 9 a.m., and C.T. 
from 1 a.m. to 9 a.m. To avoid interference between the alcaline tides 
only two meals were taken, at 12 — 12’® p.m. and at 7 — 7'® p.m. 
During the first 8 days the first meal was made rich and the second 
poor in proteins. During the following period of 6 days the meals were 
reversed, in order that the effect of one meal might be directly compared 
with the effect of the other taken at the same hour. During the last 
7 days the food consisted of two mixed meals, and in this period a light 
breakfast was taken too, at 9 o’clock. 

The meals were composed in the following way: , ,, , 

Meal I; (Rich in proteins): 370 grammes of beafstcak, three shecs ot 

bread and butter, 500 cc of milk and 200 cc of coffee. 
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Fig. 1. The average variations in the pH of the urine during the three periods 

for E. A. 

The abscissa gives the time in hours. The ordinate gives the pH. Curve I 
refers to the first period of 8 days. Curve II refers to the second period of 6 days. 
Curve III refers to .the third period of 7 days. The horizontal lines in the left 
part of the figure indicate the average pH of the night urine during the three 
periods, a and b shorv the time of the meals. 


Meal II: (Poor in proteins): 750 grammes of potatoes, 50 grammes of 
butter and 500 cc of water with a little fruit juice. 

Meal III (Mixed meal): 185 grammes of beafsteak, 375 grammes of 
potatoes, 1^2 slices of bread and butter, 25 grammes of butter, 250 cc 
of milk and 200 cc of coffee. 

Breakfast: 2 slices of bread with cheese and butter and 200 cc of tea. 

The results of the experiment appear from Figure 1, showing 
the average variations in pH during the three periods for 
respectively E. A. and C. T. The pH of the night urine is 
indicated by horizontal lines in the left part of the curves. 

In spite of the fact that only three hours have passed from the 
awakening to the noon meal, the average curves show distinct 
morning alkaline tides, and these are rather more marked where 
no meal has been taken in the morning. In the case of 0. T., the 
rise in pH exceeded o.5 unit on twelve out of the 14 days, where 
no breakfast was taken, and in 8 cases it even exceeded 1.0 unit. 
With E. A. the results varied somewhat more, only 6 out of the 

18 — i32126. Acta phvs. Scandinav. Vol.6. 
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14 days presenting a rise exceeding 1.0 unit, and on 2 day.s a rise 
between 0.0 and 1.0 unit. During the 7 day.s on which food was 
taken in the morning a rise greater than 0.5 unit was found in 
cases with C. T. and in 4 cases with E. A. 

According to the definition of HuBHAnn and Muxford (1925) 
an alkaline tide is present when tlie pH of at least one urine sample 
i.s more than 1.0 unit higlicr than the pH of one of the preceding 
ones, or when the pH of two consecutive samples are more than 
0.5 unit higher than that of a preceding one. If this definition 
is applied to average curves, a marked alkaline tide is seen to 
follow each meal. On the individual days of the experiment 
the tides appeared very frequently too, being found after 51 of the 
42 meals in the case of G. T., and after 3B of the meals in the case 
E. A. Only in four cases out of the 35 where no tide appeared the 
])H average was less than G.5, in the other instances the high 
average may have contributed to the negative result. 

A characteristic difference between the tides following Meal I 
and n is seen from the curves. Both in the afternoon and in the 
evening the alkaline tides follo\\-ing Jlcal I extend over a longer 
period than those following Meal II. Tliis is particularly con- 
.spicuous in the evening, when the tide following Meal I has not 
ceased before bedtime. Tliis may be the reason why the pH of the 
night urine is higher in the second period of the experiment than 
in the first. Tlie extended rise in pH subsequent to the meal rich 
in proteins may be due to the fact that this meal is the more acid- 
binding, but on the other hand it must be emphasized that the more 
transient rise following Meal II may have a more vigorous character. 
That is the case in all instances except in the evening with C.T. 

The curves of the last period during which iMeal III was taken 
both at noon and in the evening, occupy a po.sition between the 
curves of the other periods, both as regards the pH of the night, 
urine and the height of the alkaline tides. As to the latter tlie 
evening values of C.T. once more represent an exception. 

A transient fall in the pH during the first hour after the meal, 
before the beginning of the alkaline tide, appeared to occur fre- 
quently. The phenomenon was noted in 20 cases out of 42 in C.T. 
and in E. A. even in 33 cases. The average curves, too, .show that 
phenomenon in most instances. It may be difficult to say if the 
decrease in pH has any direct connection with the meal, ns it may 
be due to the fact that the alkaline tide does not begin till the 
second hour after the meal, while the decrease might have been 
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Fig. 2. The average variations in the pH of the urine during the three periods 

for 0. T. 

The abscissa gives the time in hours. The ordinate gives the pH. Curve I 
refers to the first period of 8 days. Curve II refers to the second period of 6 days. 
Curve ni refers to tlie tliird period of 7 days. The liorizontal lines in the left 
part of the figure indicate the average pH of the night urine during the three 
periods, a and b shoav the time of -the meals. 


found too if no meal liad been taken. The evening curves of E. A., 
however, seem to indicate that the fall in pH is really an effect 
of the meal. Here the pH is decreasing before the meal, but this 
decrease still lessens until the time of the meal, when the curve 
is seen to fall abruptly. It is difficult to explain a sudden change 
hke this in a regular curve without the assumption that the meal 
has been actively contributing to the acidification of the urine. 

To decide definitely if a meal may produce an acid tide it was 
necessary to carry out an experiment where the meal was taken 
at a time when the pH is known to be increasing under inanition. 
The experiment was carried out in two divisions. In the first the 
morning alkaline tide was investigated during 10 days under 
fasting conditions. The person experimented on (E. A.) rose at 
7 o’clock in the morning and did not take any food before noon. 
pH was measured in the night urine and in urine samples collected 
every hour. The average curve (Eig. 3) presents a marked morning 
alkaline tide, the pH increasing all the time until 12 o’clock. 
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Fig. 3. The average variations in the pH of the urine under fasting condition.s 
(Curve I) and after the taWng of a meal (Curve II). 

The abscissa gives the time in hours. The ordinate gives the pH. a sho^vs 
the time of the meal. 

During the follotving 5 days the experiment tras continued, 
hut now a meal was taken at H a. m. and the variations of the 
pH were followed until 5 p.m. (Fig. 3). The meal had the following 
composition: two boiled eggs, two slices of bread and butter, two 
slices of bread with butter and liver pie and 350 cc of milk. In the 
first division of the experiment pH had increased from 11 to 12 
o’clock in 6 cases out of 10 and the average curve had shown an 
increase of 0.26 unit. During the last 5 days, on the other hand, 
pH decreased in all cases at that time of the day, with an average 
fall of 0.30 unit. The average curves show that the variations are 
approximately parallel until 11 o’clock, when one suddenl)’ falls 
while the other continues its increase. After the fall in pH the 
usual alkaline tide ensues. 

With this experiment it seems to be established that a meal 
may cause the transient excretion of a urine with an increased 
acidity. 

Discwssioji. 

It appears from the investigations of Fishback, Smith, Bkr- 
GRIM, Behfuss and Hawk (1919) that the production of hydro- 
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chloric acid will begin immediately on the taking of a meal and 
reach its maximum in the course of one hour. So the alkaline tide 
only makes its appearance one hour after the beginning of the 
secretion in the stomach and is most pronounced at a time when 
the alkaline secretion of the pancreas must have begun to neu- 
tralize the acid secreted by the stomach. The extensive investi- 
gations on patients suffering from achlorhydria by Hubbard, 
Munford and Adlen (1924) and Hubbard, Munford (1925) 
seem to favour the hypothesis that the alkaline tide is due to the 
secretion of hydrochloric acid, which in fact must necessarily 
cause a more alkaline reaction in the organism, but my investiga- 
tions indicate that some factor or other, present during the first 
hour after a meal, counteracts the increase of pH, and even in 
some cases brings about the secretion of a urine with an increased 
acidity. At present it seems impossible to ascertain the nature 
of this factor with any certainty, but it may be worth mentioning 
that Higgins (1914) and several other authors have stated a 
rise in pCOj in the alveolar air immediately after a meal. Van 
Slyke, Stillmann and Cullen (1917) have stated that the 
quotient CO5/HCO3 is simultaneously increasing, in other words 
that the reaction of the organism is getting more acid. According 
to Apperly and Crabtree (1931) and Browne and Vineberg 
(1932) the production of hydrochloric acid depends upon the 
concentration of HCO3 in the blood, and every production of acid 
can be prevented when the contents of total CO 2 in the blood is 
kept below a certain minimum. It may be possible, then, that the 
taking of a meal will reflectorily decrease the excitability of the 
centre of respiration in order to procure better conditions for the 
production of acid. If that is the case, an explanation can be given 
both of the increase in pCOj of the alveolar air and of the develop- 
ment of an acid tide in the urine. 


Summary. 

The physiological variations in the pH of the human urine have 
been investigated under fixed experimental conditions. The oc- 
curence of morning alkaline tides and postprandial alkaline tides 
has been confirmed, and in addition it has been shown that a meal 
may cause a transient excretion of a urine with an increased acidity 
before the alkaline tide begins. 
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When studying the antihistamine and antianaphylactic effect 
of some xanthine derivatives v'e observed that these substances 
counteract bronchoconstriction, elicited through stimulation of 
the vagus nerve or by means of injections of acetyl chobne (Emme- 
LiN et al. 1941). The sensitivity of the gut to acetyl choline was 
also diminished by these substances. The above observations may 
indicate that the substances in question affect the parasympa- 
thetic end mechanism. It has been established that some xan- 
thine derivatives do affect the terminals of the autonomic nervous 
system (OuRY 1937, Babry 1939, Bacq and Fredericq 1937, 
1938, 1940, Fredericq 1941). In order to find out how these 
substances worked, we investigated the effect of xanthine, caffeine 
and theamin (theophyllin monoethanol amine) on some other 
parasympathetically innervated organs. 

The bladder. 

The experiments were performed on cats under chloralose. A cannula 
was inserted through the urethra into the bladder, which was then 
filled with Tyrode’s solution at body temperature. The cannula was 
connected ivith a registering water manometer. The pelvic nerves were 
exposed, placed in electrodes and cut centrally. Acetyl choline was 
injected in the lowest part of the abdominal aorta. Histamine was 
given intravenously. 
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Fig. 1 shows one of these experiments. In nil experiments the 
motor effect of acetjl choline, of histamine or of stimulation of 
the pelvic nerves was definitely lessened by administration of 25 
mg. theamin per kg. body -weight. 


I I 

LI', ■}. 

■L_ 2 3 7 2 3 

nniiiTmii 1 fn!in "miiTirnt 


Fig. 1. Cat, 2.S kg. The bladder motility is registered. 1 = clectrital stimulation 
of the pelvic nerves during 5 seconds. 2 = 10 / histamine injected intravenously'. 
3 = 0 y acetyl choline intraarterially. 4 = 25 mg. theannn/kg intravenously. 
Time in minutes. Betiveen the tno sections of the tracing there is an interval 

of 5 minutes. 


Isolated frog’s heart. 

The experiments were performed using Straub’s method and cannula. 
The right vagus nerve was placed in an electrode. Acetyl choline and 
the various xanthine derivatives were added to the Ringer’s solution. 

There was no antagonistic effect against parasympathetical stimuli 
similar to that ob.servcd on smooth muscles. On the contrarj', when 
given in liigh concentrations (1 : 10 000 — 1 : 3 000) the xanthines 
increased the effect of acetyl choline or of vagus stimulation on the frog's 
heart (fig. 2). 


1 Z ■* 3 

r ^ 

f i 



Fig. 2. Isolated frog’s heart. 2 cc. Ringer’s solution in the cannula. 1 = 0.005 y 
acetyl choline. 2 = 0.010 y acetyl choline. 3 = xanthine 1:8 000. Tunc in 

minutes. 


Salivary secretion. 

On cats under chlornlosc the subraaxillary duct and the lingual 
nerve proximal to the chorda tympani were exposed on one side. A 
cannula connected with a drop recorder was inserted in the salivary 
duct. TIic nerv'c was placed in an electrode and cut centrally. The 
sympathetic nerve of the neck was also exposed and one electrode placed 
centrally and another peripherally to the .superior cervical ganglion. 
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The xanthine derivatives investigated did not diminish the 
effect of stimulation of the chorda tympani. On the other hand 
fig. 3 shows that caffeine in large doses increases the salivary 
secretion elicited by stimulation of the chorda. This effect might 
he ascribed to the influence of caffeine on the sensitivity of the 
parasympathetical mechanism, and not to a variation of the 
blood flow through the gland or to a change in sensitiAuty within 
the glandular cells, as the sensitivity towards stimulation of the 
sympathetic nerve did not change with the administration of 
caffeine. 



Fig. 3. Cat, 2.0 kg. Tlie salivary secretion is registered by an electrical drop re- 
corder. The chorda tympani is stimulated during 1 minute at 1, the sympathetic 
nerve in the neck praeganglionically at 2 and postganglionically at 3. 4 = intra- 
venous injection of 75 mg caffeine/kg. Time in minutes. 


Summary. 

The fact that the xanthine derivatives lessen the effect of 
parasympathetic stimuli on smooth muscles seems not to be due 
to their influence on the parasympathetic end mechanism, since 
a similar antagonism cannot be elicited on other structures (heart, 
salivary glands). As the motor effect of histamine on the bladder 
is diminished by xanthine derivatives one might infer that these 
substances act on the smooth muscle cells themselves. 
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All Apparatus for Obtaining an Exact Amount 
of Plasma from a Small Quantity of Blood. 

By 

BERTIL JOSEPHSON. 

Bcccived 3 June 1943. 


In cases where a small but exact amount of blood plasma is 
required for analyses, the present method of obtaining the blood 
by veinpuncture may sometimes entail a disproportionate amount 
of trouble both for the patient and for the physician. Sometimes, 
moreover, the veins of the patient have to be saved for therapy. 
I have therefore constructed the apparatus described in the 
following, by means of which 0.1 ml of plasma may be obtained 
from the blood by a prick in a finger-tip or the lobe of the ear. 
The method can also be used for taking plasma-samples from 
small laboratory animals. 

The apparatus (see figures) consists of a thick-wallcd pipette 
about 20 cm in length and graduated to 0.08 — 0.09 — 0,10 and 
0.11 ml. Just above the graduated scale the pipette is provided 
with a small side-tube bent upwards (i. e. away from the tip). 
The whole pipette holds about 0.25 ml. Tlic ends both of the 
pipette itself and of the side-tube must be ground absolutely 
flat. The pipettes are fitted in the arras of a special centrifuge 
head %nth an even number (2.4 or G) of such arras. Each arm 
consists of a groove into which the pipette fits. At the axial end 
of the groove in which the pipette is fitted is fastened a small 
rubber plate or cushion on which the graduated end of the pi- 
pette rest-s. The peripheral end of the arm can be closed by means 
of a small metal screw-cap, which is also provided inside with a 
small rubber disc or cushion. In the middle of one of the side.s 
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Fig. 1. The plasma-pipette by itself, and fastened in an arm of the centrifuge 

head. 


of the groove, corresponding in position to the side-tube of the 
pipette, a notch is provided, about 1 cm in length. The notch is 
made in that side of the groove in which the side-tube rests, so 
that the graduation of the pipette, tip inward, becomes visible. 
The centrifuge arm is embraced from behind by a tightly fitting 
metal sliding-clip, which thus remains open over the groove. The 
clip is provided with a projecting metal leaf or plate. This leaf, 
covered with a short piece of rubber tubing, fits, when the clip 
is pushed towards the axis of the centrifuge head, against the end 
of the side-tube of the pipette. The centrifuge head can be fas- 
tened to a centrifuge making about 2,000 r. p. m. 

Before use the pipette must be heparinized. The whole of the 
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rig. 2. T«o centrifuge heads, C nml 2 arms. One plasma piiwlto. 


inside wall and the outside of the tip are moistened with a D % 
heparine solution and then dried at about 100° G, 

"When a blood column of a few centimeters is drawn into the 
tip of the pipette the latter usually fills itself, if held at the right 
angle to a copiously bleeding finger. It must be completely filled, 
including the side-tube. The pipette is then placed in an arm 
of the centrifuge head, tip inwards. While being brought into 
position it should be held liorizontally, to prevent the blood 
from running out. The end-screw and the sliding-clip are prcs'jed 
as tightly as possible to the upper end of the pipette and the 
end of the side-tube respectively. Another pipette is placed in 
the opposite arm, after wliich centrifugation is performed for 
about half an hour. 

The centrifugation may be regarded as finished when the red 
cells are all on the peripheral side of the side-tube. When taking 
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the pipette out of the centrifuge head it should again be held in 
a horizontal position. 

The tip of the graduated part of the pipette is now closed with 
one finger, while the other end is turned downwards. The ery- 
throcyte mass runs slowly out from the open side-tube through 
the lower end of the pipette. The last drop is blown out with the 
aid of a small rubber tub.e attached to the side-tube. The pipette 
is now turned once more, the side-tube being closed by the fourth 
or fifth finger of the right hand, and the plasma is pipetted off 
as usual. 

The graduation of 0.11 ml is meant to facilitate the pipetting 
off from a later reaction-mixture a quantity corresponding to 
exactly 0.10 ml of the original plasma. The 0.09 and 0.08 marts 
are intended as reserves in order to save the sample if the 0.10 
ml mark should be passed by mistake. 

The pipette can also be constructed as a hematocrit. 

Two examples of the use of the pipette may be mentioned: 

Total plasma protein: The nitrogen in O.i ml of plasma is deter- 
mined by the Kjeldahl method. The result in mg of N multiplied by 
6.25 gives the percentage of plasma protein. 

Inulin concentration of plasma (in clearance determinations) — 
(modification of method described by Corcoran and Page, 1940): O.i 
ml of plasma is pipetted into a centrifuge tube holding 0.8 ml ZnSOr 
solution. 0.1 mi of hTaOH-soiution is added. The tube is closed by 
rubber stopper and centrifuged hard. The clear supernatant is decanted. 
0.5 ml is pipetted off into a narrow Pyrex test-tube graduated to 5 
ml. 2.5 ml of diphehylamine solution is added. The tube is then 
heated in a boiling water-bath for 15 minutes, and the volume 
corrected to 5 rhl by alcohol. The colour is matched in a photelometer 
or a step-photometer. 

For the composition of the reagents see Corcoran and Page. 
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Eilie Antrieljsyorriclitiing* fiir Laboratoriinns- 
geljraiicli — in Ycrbiiulmig init cinein 
Prazisionsiiijcktionsapparat. 

Yon 

GUNNAR LINDGREX. 

Eingegangen nm 17. .Angnst 19E>. 


Bei Laboratoriumsversuchen benotigt man hihifig cin Motor- 
aggregat mit ciner Welle, deren Rotationsgeschwindigkoit auch 
bei variiercnder Bclastung moglich.'^t konstant ist. Die Gosclnvin- 
digkeit soil wiilirend des Versucbcs mit wenigen Handgriffcn in- 
nerhalb weiter Grenzon zu andern scin. An cine derartige Vor- 
richtung lassen sich verschiedenartige Apparatureu anschliesscn 
{solclie fiir Injektion, Zirkulation nsw.). 

Eine Kombination eines derartigen Aggrcgats mit cinem Pra- 
zisionsinjektionsapparat ist in der Abb. 1 dargcstcllt.^ 

Ein eingekapselter Universalmotor (G) mit liorizontaler Aclise 
treibt ein System von horizontalen Zahnrtidern, tvelche in Ol 
eingesenkt .sind (B). Fiinf der Zahnradachsen sind liinger als die 
iibrigen (A) nnd oben von viereckigem Qiicnschnitt, sodass ."ic 
ohne zu schlicren an die abnehmbare Welle (U), wolche das 
Agsregat mit dem Injektionsapparat verbindet, gelnippelt werden 
konnen. Die tibersetzung von einer Acli.«c auf die andere orfolgt 
je im Yerhaltnis 1 : 5. Dio Geschwindigkeit des Jlotors liisst .sicli 
mittels des Zentrifugalregulators (L) kontinuerlich zwischen I xnul 
y einstellen. Es ergibt sich sornit die MdgHchkeit, die 3Icngo pro 
Zeiteinheit injizierte Fliissigkeit zwischen 1 und 3 12.0 zu variicren, 
ohne die Infusion unterbrechen odor die Sprit zc au-swechsehi zu 

* Dio Apparatur %rnrdo nacb mcinen Anwcisungon von A.-B. Ardo, SteoW'-olm, 
angefertigt. 
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A — Zahnradachsel mit oben viereckigem Querschnitt; B — Zahnradsystem 
(eingekapselt); D — Welle mit eingekapseltem Zahnradsystem; E — Gelenke; 
E — ausziehbare Achsel; G — eingekapselter Motor; H — Ventilationsoffnungen; 
I — Sohalter; K — zur Wasserleitung; L — Zentrifugalregulator; M — Rinne; 
N — Verbindungsstiick; 0 — holzerne Einsatze; P — Griff; Q — Nonius; R — 
Schraube mit Platte; S — Hemmschraube; T — Platte; U — Knopf (beim Nieder- 
driicken wird der Querbalke von der Spindel frei); V — Treibspindel; X — Quer- 
balke; Z — Klemmvorrichtung; Gz — Fiihrung. 
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miissen. Der Motor ist so krSftig, dass cine Druckzunahme von 
0 auf 300 mm Hg in dem Gefjiss, in welches injiziert 'vird, die 
Eotationsgeschwindigkeit nicht vermindert. 

Abb. 2 zeigt den Injektionsapparat sclbst. Ein dutch zwei 
Eiihrungen (Gz) gesteuerter Querbalkc wird von einer Spindel (V) 
vorwartsgetrieben. Die Bewegung ist am Nonius (Q) abzulesen. 
Die geringste Geschwindigkeit ist etwa 0,3 mm pro Minute. Die 
Spritze ist in einer besonderen Klemmvorriclitung (Z) mit aus- 
wechselbaren holzerncn Einsatzen (0) befestigt; es konnen dahor 
Spritzen bcliebigen Durchmessers ange^vandt warden. Der Kol- 
ben wird durch die Platte (T) hineingeschoben, welche sich mit 
der Schraube (R) in die gewiinschte Stellung bringen lasst. Die 
Treibspindel (V) ist nicht in ihrer ganzen Lange geschnitten; bei 
passender Einstellung hort daher die Bewegung dcs Querbalkens 
auf, sobald die Spritze entleert ist. Beim Niederdriicken dcs 
Knopfes (U) wird der Querbalke von der Spindel frei und kann 

in ihre Ausgangsstellung zuriickgestellt .werden. 

* 

Ziisammcnfnssunff, 

Es wird eine Vorrichtung lur Permanentinfusion beschricben; 
dieselbc gestattet kontinuerlichcs Variieren der Injoktionsgo* 
schwindigkeit z^vischen 1 und 3 125 — • ohne Auswechsoln der 
Spritze. Die Apparatur kann auseinandergenommen werden und 
der Motor mit dem Zahnradsystem fiir sich gebraucht werden 
xmd an verschiedene Laboratoriumsapparate gckuppolfc werden. 
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A Method for Collecting Large Samples 
of Blood from Liying Bats. 

By 

CLAUS MUNK PLUM. 

Received 23 June 1943. 


For the investigation of the peripheral blood-picture in rats, 
blood is as a rule taken from a tail vein, but only small amounts 
can be collected in this tyay. 

If more blood is required for experiments heart puncture has 
mostly been employed. This method is convenient in the case of 
a single experiment, but for a series of determinations on normal 
animals where the blood samples are taken at short intervals, or 
investigations on the blood of sick animals, the method is not 
particularly convenient since with this procedure the mortality 
is rather high. 

As it is often of importance to be able to take 1 — 2 ml blood 
from rats at short intervals ( 1 / 4 — hour) the following apparatus 
has been used for collecting the blood in this Laboratory. 

The apparatus is a modification of that described by Sjowall 
( 1936) for taking blood samples from rabbits’ ears. 

It consists of a glass tube 13 cm long, with a diameter of 3.2 cm. 
The glass tube is closed with two pierced rubber stoppers. In one 
rubber stopper (I) the hole (A) has a diameter of 1.6 cm at the 
free end, and a diameter of 1.0 cm at the end introduced into the 
tube; the other rubber stopper (II) is pierced by two holes, one 
with a diameter of 1.0 cm designed to hold a small test tube, 
the other hole being meant for a glass tube to which the vacuum 
pump is connected. 

19 — i32126. Acta phi/s. Scandinav. Vol.G. 
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'When the apparatus is to he used the lat is placed in such a 
])osition that its tail, -well snioared A\itli vaseline, can he passed 
through hole (A) (the diameter of the tail must be smaller than 

the diameter of liole (A) in order to avoid 
stasis). Immediately afterwards the glass 
tube is closed with rubber stopper (II) and 
glass tube (G) is connected to the vacuum 
pump, after wliich suction is performed 
for about 2 minutes. Tlien rubber stopper 
(II) is taken out and with a sliarppairof 
scissors cm is cut off the toil. Kow the 
tail is quickly put into the test tube (1>), 
the glass ttibe is again closed with the 
rubber stopper, and stiction is again put 
on. For practical reasons the. aj'paratus 
in now held in a vertical ]iosition. and in 
2 — 3 minutes 1 — 2 ml of blood will liave. 
collected in the tube (B), If the blood 
does not flow freely the vacuum juuup 
can bo left off at intervals. 

As rats' blood clots very (piickly it will 
bo best to let a .sodium citrate .solution 
dry on the sides of the test tube and to 
shake the a])paratus well while collecting 
the .samples. 

If blood .samples are to be collected at 
.short intervals, a little collodion cotton can 
be placed on the ti]) of the tail between the 
collections; hut if tlie samjdes arc to be taken once a day, a fresh 
piece of the tail must l)o cut off, so it will bo convenient to have 
glass tubes of different lengths (8 — 13 cm). 

The samjdes can be collected from ane.stlu'tiscd as well as non 
nnesthetised animaks, but a miltl ether ane.sthesia gives the best 
results and does not injure the animal. 

Litoraturo. 

H.towAi.i,, 11. .Veta jmth. inieiobio!. .scand. lOoG. Suppl. 27 — 28. 
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Pliospliatiiles in Cliolinc Deficiency and 
in Adrenal Insufficiency. 

By 

GUNNAR BRANTE. 

Received 18 July 1918. 


A sure explanation of the lipotropic action of choline, i. e. 
of its ability to remove fat from or prevent its accumulation in 
the liver, has not yet been given. The probably important role 
of the phosphatides in the intermediary fat metabolism and 
especially in the fat transport suggests that choline acts here 
by entering into the phospholipid formation or, in other vords, 
that choline deficiency limits a formation of liver phosphatides 
necessar}'' for the removal of fat. 

The studies of the total phosphatides in the livers of choline 
deficient rats fed on a high fat diet, which had already been 
published when the present work Was undertaken, had not shown 
any significant quantitative changes (Best, Chaxnox and Ridout 
(1934), Chaknox, Platt, Loach, and Smith (1937), Loizides 
(1938)). Best and his collaborators in their experiments made 
an additional separate determination of the choline phosphatides 
which were also found unchanged. The dietary periods in these 
experiments Avere relatively short (21 — 26 days) and the accumula- 
tion of fat only a moderate one. In the experiments of Chaxnox 
et al. and of Loizides the dietary period was also relatively short. 
It should be noted that in the works cited above fully grown 
rats AVere used, Avhich seem to be much more resistant towards 
choline deficiency than are the younger animals. 

If choline acted in the phospholipid formation, a fall in the 
choline , phosphatides of the liver should more probably occur in 
long-continued periods of choline deficiency with considerable 
fat accumulation in the liver than in shorter experiments with 
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moderately fatty livers. It also appeared desirable to check with 
tlie aid of chemical analyses the determinations of choline phos- 
phatides performed by a biological method by Bkst ct al. (llh'M). 
Furthermore it seemed to be of intere.st to c.xtend the analy.sp.s 
to tissues other than the liver. 

After the present work was completed I became aware of some 
further publications relating to the present problems, wliich 
owing to the war conditions had not been available to mo before. 
— Jacoiu, Bau.waxx and Meek (1941) found no certain change 
in the choline content of the liver in fully grown rats which had 
been maintained on a choline-deficient diet for 2 — 3 month.s. 
Kor was the choline content changed in the kidneys, the brain 
or the rest of the body. In a few young rats w'cighing only 35 — 
•45 g which had been maintained on a choline-free diet for only 
seven days, Jacohi and Baumaxn (1942) found the choline 
content of the whole animal at least as great as in the controls 
receiving choline. In the liver, indeed, it was considerably greater. 
On the other hand Stetten and Grail (1942) also investigating 
young rats after choline-free dietary periods of ten days found 
the choline pho.sphatidc content of the livers to be only one half 
that of controls given choline, while the cephnlin content was 
unchanged or slightly increased. In tlic latter investigation the 
analyses were carried out on pooled liver samples from five ani- 
mals, nothing being known about the order of the individual 
variations. A very interesting observation made by Stetten and 
Grail was that the addition of sufficient cpiantities of methyl- 
consuming guanido-acetic acid in the diet brought about an 
almost complete disappcarence of lecithin in the liver accom- 
panied by a very marked fat accumulation. Furthermore Enoel 
(1942) recently found a much lower choline phosphatide content 
in the livers of rats which for si.v weeks had received a diet deficient 
in choline and other lipotropic factors, than in rats which received 
choline in conjunction with the same diet. Thus no definite in- 
'dication of the influence of choline deficiency on the quantitativ'c 
relations of the liver j)hosphatide.s has been given by these latter 
work.s, which conflict somewhat in their results. The invc.stiga- 
tions made in recent years with isotopes as indicators of the me- 
t.nbolism of the tissue pho.sphatides will be discus.sod, as far a.s 
they are relevant, in connection with the pre.sent results. 

It has been claimed that the adrenals have a choline producing 
(GAfTRELKT (1999), LoEwi and Gettwort (1914), Hunt (1915), 
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PuTSCHKOW and Kiujakoiv (1927—28) as wcl] as a choliup con- 
sumins'power (Viabe (1928), arid Oxo (1928)). Vereaii arid L.\szt 
(1935 and 1936) ascribe to the adrenals a idiosphorylatin^f func- 
tion and liave found that adrenalectomy ])revents fatty livers 
after phosphorus poisoning or fa.sting. Mao Kay (1937) made the 
observation that after a period Avith a diet poor in choline the 
accumulated liver fat disappeared more rapidly on fastiin; in 
adrenalectomised than in normal animals. The existing indications 
of a role played by the adrenals in fat transport in the body 
prompted me to include some choline deficiency experiments in 
which adrenalectomy rvas performed. 

Experimental. 

White rats with an initial weight of about 100 g were used, -19 in all. 
Of these 41 rvere males. Sex differences with regard to the lipids studied 
did not seem to occur. The rats were kept in individual glassjars at a 
temperature of -f 22° i 1°. The choline free basic diet used wa.s that of 
Griffith and Wabf. (1940). It is composed of 2 parts fibrin, 10 parts 
casein,, 3 parts egg albumin, 30 parts lard (or in a few instances horse 
fat), 5 parts olive oil, 39 parts glucose, 4 parts Osbor.xe and Mendel’s 
(1919) salt mixture, 2 parts agar and 5 parts cod liver oil. Other vitamin 
supplements were fed individually to the rats in the form of a mixture 
furnishing 0.0 2 mg thiamin, 0.0 2 mg lactoflavine and O.u i mg nicotinic 
acid per day. About half the rats Avere also given 0.0 2 — O.os mg adermin 
daily.i In analy.ses of about 10 g of the basic diet only traces of choline 
could be demonstrated. According to Griffith and Wade 5 mg choline 
per gram food Avas just necessary Avith this diet to preA'ent symptoms 
of choline deficiency.- The animals Avere permitted free access to the 
food except in the fasting experiments. All animals Avere gh-en Avater 
ad libitum. 

The adrenalectomies Avere performed according to Schultzer (1935) 
under ether narcosis. During the first day after the operation the 
animals were kept at about -{- 25°. The condition of the rats was 
good until the 4 — 7th day after the operation, AAdien they began to 
show obvious signs of adrenal deficiency. 

All the rats Avere killed with a bloAv in the neck, as a rule 20 hours 
after the last feeding. The tissue samples analysed Avere frozen in the 
fresh state and cut Avith a microtome into slices of abont 15 jx thickness. 
The details of analytical procedure Avill be published elsewhere. In 
the lipid extract (alcohol-ether 3: 1) the phosphorus Asms determined 
according to Teorell (1931). Choline Avas, after alkaline hydrolysis, 
determined colorimetrically as reineckate according to a procedure 
modified , after Beattie (1936) by the author (Brante 1940). Dry fat- 

• Por the vitamin-preparations I am indebted to A. 33. Pharmacia, Stockholm. 

* It should be noted that because of its protein content this diet is onb' mod- 
erately deficient in labile methyl-groups. 
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frc'; sub.'-taiu-t' was (let ■'nniiual hy Tiic total ]ilio.s[s!iati(lt\<! 

were calculattal from lipid-P by multiplif-atioii Ijy 25, tluM-lioliuc phos- 
phatidcs w>re calcidatod from the lipid ciioiim* and the oephalins hy 
difference. 

As the inilividual variations may he rather oroat each animal was 
analysed separately. In the case of the livers ail analyses wore performed 
in duplicate on two different .samples. 

As the accumulation of fat in the liver appears to increase the liver's 
weight hy ahout the amount of fat dejiosited there, the analytical 
values are host calculate<l on the lipid-free dry .suh.stanee, or, as the. 
body weight does not .seem to l)e influenced by variations in the choline 
.supply, with respect to some tinit- of body weight. As the first mode, 
of calculation includes the analytical errors in tlie detenninafions of 
total fat and dry substance re.speetively, the hitter mode teas preferred. 
It proved to give lower divergencies in the analytical values. 

The rats in the main (dioline deficiency group were kejit on the 
fdioline-free basie diet for 101 — 177 day.s (in one rat for 85 days only), 
thu.s for a considerable time. The rats of the main control grouj) were 
given 5 mg choline jier gram food. All animals were in good condition 
thronghont the e.\])eriment,s, the choline deficiency rat.s increasing in 
weight at the same rate as the controls. 

In addition to tlie chemical analy.ses, dotermination.s were made 
on the o.smotic resistance of the red blood corpuscles. Such determinu- 
tioiis weri! thought capable of indicating a po.ssiblc influence of choline 
defieieiKW on the pho.spliatide di.strilmtion of the corpu.seles. The 
tf'chniniie was the following. The blood was taken by means of heart 
]mncture and heparinised. After centrifugation and careful removal 
in' .suction of the plasma, (i.tie ml of the corpu.seles were pipetted into 
micro te.st tidies and mi.xtured with ! ml .«alt solution (NaCi ami KCl 
re.sp.) of various strengths. The readings of maximum, minimuni ami 
average resi.stance of the corpuscles were made after keeping the mix- 
tures for ■! hr.s at 18— 20'“. 

Ail the analyses were performed by the author personally. 

For his kind a.s.sistance in the adrenalectomies I wish to thank me.d. 
c.'iml. 1*. A. Westling. 


The results obtained on liver and kidney.s in tlie main experi- 
ment are given in Table 1. 

I'hc average valuc.s for total liver phosplmtide.s i.s somewhat 
higher in the ehoHne-defident rat.s tlian in tlie controls, The 
difference 0.29 0.11 is, however, not quite significant.’ The 

* Ttif n-iiinl for tie' cnlculdtion of Ktandnnl din'infion nnil stnntl.wl 

•-.'■for of lie- nwan rctpiin; o ^otnewlmt fre.itcr numlicr of olwcrvfttioii'! for tic'ir 
spt'h^'.i! ion tii-in ttci#' in my exfs-rinu'.nt.-*! forics of 8 — 10 analy-si's. The Htandartl 
rrrorx of ttm nu-an mven in the tahh* niul the .'itnntt'srcl errors* of tin: iliffen-nrcn 
in th<- t?xl h.xvc W>n c.nh iil.-ito} in tin* nsm! way {DcnMiia-.o 1910) nnd nre thrre- 
f'lre j'i'nwwh.vt smiller than the triio vnhie*i. 



Cholino doficient rats Control rnts, fed 5 mg choline per gm basic diet 
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Hero and in others tables and in the text “neutral fat” signifies: total fat — phospliolii)ida. 
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menu v.ihic for the clioline. phospluiticles i? practically the same, 
in both croup?. The cephalin average is clearly higher in the choline- 
deficient group, the difference 0..S3 ^ 0.07 no doubt being signifi- 
c.nnt. The ratio choline phosphatides/total phosphntidcs is also 
cloarlv different in the two groups, the difference 10.0 1.5 

certainlv being real. There is, as can be .seen, a considerable, 
accunniiation of fat in the livers of the choline deficient animals. 
As to the kidneys, no differences can be established between 
the control group and the group with cholinc-free diet. This last 
result as well as that for the liver choline phosphatides thus agree 
with the findings of .Tacoiu ct al. which were cited in the intro- 
duction. 

The analy.^es of the small intestine, the spleen and the muscles 
arc too few to permit any definite conclusions. Table 2. jMarked 
changes as a consequence of the choline deficiency can, however, 
be o.xcluded. The low values for the choline phosphatides of the 
intestine in the cholinc-deficicnt rats in comparison witli the 
controls can, however, hardly be due to chance. The analytical 
resulf.s in a<idition show that the ratio choline phosphatides/total 
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phosphatides is normally about tbe same in the liver, intestine 
and muscles and somewhat lower in the kidney and possibly 
in the spleen. 

It appears that in the indi^^dual animals the ratios between 
choline phosphatides and total phosphatides (or choline phospha- 
tides and cephalins) agree in some degree for the different tissues. 
A high value of this ratio in one tissue is thus often accompanied 
by relatively high values of the same ratio in the other tissues. 

Some animals were analysed under somewhat different experi- 
mental conditions than those employed in the main groups. 
Thus two animals were given 15 mg choline pr gram of the basic 
diet. The livers of these rats contained still less “neutral fat” 
(0.34 and 0.57 mg per gm of body weight) than the rats which had 
been given 5 mg chohne per gram food, but otherwise displayed 
no obvious differences from the latter. 

Pour animals were maintained on the choline free diet for 
only 14 — 68 days. "While the “neutral fat” during that time had 
increased to 2.9 — 4,5 mg per gm body weight (= 10 — 15 % 
of fresh tissue) the values for the liver choline phosphatides and 
cephalins agreed much more with the mean values of the control 
group than with those of the long-continued choline deficiency 
group. This in good agreement with the results of Best et al. 
(1934), mentioned in the introduction, where the fat accumulation 
was of the same order. The choline phospholipid content in the 
small intestine was in all these four rats lower than 4 % of the 
weight of dry tissue, with an average of 3.73 % i. e. definitely 
lower than in the control rats. 

Two animals -which had been fed with 5 mg choline per gm food 
and two animals fed on a choline free diet for 130 and 174 days 
respectively were starved for the last 10 — 12 days of the experi- 
ments. The analyses of their livers are given in Table 3 together 
with the results obtained for the adrenalectomised animals. The 
fasting animals, also served as controls for the adrenalectomised 
ones, as these in consequence of the anorexia became markedly 
emaciated before death. In all fasting animals the choline phos- 
phatides as well as the cephalins in the liver were markedly 
reduced and in the same degree, the ratio between them remaining 
imchanged (which agrees with the findings of Mac Lachlan, 
Hodge, Blooe, Welch, Truax and Taylor 1942). In the choline- 
fed fasting animals the “neutral fat” in the liver was not lowered 
materially. In the fasting choline-deficient animals, on the other 
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hand, tl)c fa-^tin'r hrou<rht about a marked reduction of the 
"neutral fat” content. In the kidney.s, the .•^mall inte.stine and 
the rnu’'cla-; faslirm dirt jiot bring al»»>ut any lipiil chan'ie.s;. 

TIte afirenalertorniscd animals did not exhilut any marked 
change'^ in (he Hind constituent''' of the liver, Avhen compared 
with the fasting controls or with rats «iporated on similarlv but 
'’.itlunit removing the a<irenals. In one jmint only wa.s there prob- 
ably ft difitT. nee. In the adrenalecfomi.sed choHne-deficierit rats 
th'- neutral fat «)f thi' liver seemed to di.sappear more rapidly 

> T I*, }, 5,1 III iijit.aiii * <1 >in rlieiitic.rn-f iliet fur mtlv n o'lntivciv 


299 


PlipSPUATIDES IN. CHOLIXE DEFICIEKCV. 

than in the controls. This result thus agrees with Mac Kay’s. 
Tiu'therinore it is worth considering that in the choline deficient 
rats which AVere . operated on with or without adrenalectomy, 
there was an early and rather large fall in the liver cephalins. 
This might have been an effect of the narcosis or the traumatisa- 
tion, during the operation. 

The determinations of the osmotic resistance of the red blood 
corpuscles are given in Table 4. It clearly appears that there 
is an increased resistance in the choline-deficient group as com- 
pared with the control group. Fasting appears to lower the resi- 
stance in the control group but not in the choline-deficient group. 


Table 4. 


The average osmotic resistance of the red hlood corpuscles of choline- 
deficient and control rats. 
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Discussion. 

The results obtained do not positively support the view that 
the lipotropic action of choline is due to phospholipid formation. 
A diet practically free from choline (but containing in the protein 
certain other methyl donors), maintained for several months and 
producing fatty livers with 25 % total fat did not bring about 
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nnv sti tlse elioline phosphatidos of tho liver. This result. 

tlrKS not, of cotirso, nocess.irily contradict the view mentioned 
nhove. Investigations with the aid of isotope.s have espoeially 
shown timt the metabolism of tlie liver phospholipids is relatively 
rapid fPr.m.MAX. Kt'nv.N-. Ciiaikokk llh)?— nS) and that it is 
accelerated by choline ( Peri.max and CiiAtKOFr 1939 a). It might 
well be cmieeived that the raic of the tndaboJism of the choline 
phosphe.tidos of the liver is generally the dominating factor in 
the transfer of neutral fat by the liver rather than the omounl. 
or h i-// of choline phospliatides in the liver cells, (compare Peui,- 
MAK and CnAiKon- 1939 b). In cdioline deficiency the rate of 
metabolism of the choline pliosphatidcs may possibly be lowered 
greatly before tho amount of these subtanccs in the liver begins 
to fall. Such a fall seems to take place in choline deficiency only 
when the .<tipply or availability of labile methyl is very much 
re<iuced, as in the experiments of Stettex and Graie (19P2) 
with giianido-aeetic acid. 

OppiKcd to the view that choline in tho diet influences the. 
rate of choline phospliatidc formation in the liver is the oh.scr- 
vation by Stettex' (I9P2) that N*®-cthnnolamine is converted 
into X''-cholin(' to tlie .«amc degree during the same period in 
adidt rats fi>tl on a diet deficient in labile methyl as in rat.s which 
were .«U]»p!ied with betaine as a donor of labile methyl. Steti'EN' 
conclude.'^ that the convonsion of ethanolnmine to cliolino. procced.s 
without iiiiulrance oven wlien the diet is sufficiently poor in 
methyl groiip.s to produce fatty livers. It is worth pointing out, 
however, that Steitex' employed an experimental period (10 
dn\>) which is vdien adult rats arc used probably too .short for 
definit<' conclusions to be made on the point in que.stion. The 
res- rves of labile methyl in adult rat.s are. not likely to be. mar- 
kedly reduced in 10 days. In addition Stettex 's analyses seem 
to have been ]>erfornieii on the whole carcass and the residt 
inieht thereiore not nece.ssarily indicate the condition.s in the liver. 

An increiisetl phosphatide formation by the available choline 
mieh* be brought about in at least two way.s: 

1) the choline jiiven might go a.s such into the phosphatide 
harmed. 

-} it TtiiLdit donate its methyl groups to cephnlin or to any 
couipr.tmd which .*.<‘rve.s to methylate cephalin. 

and LAx:r>At* (1912) in experiments with arscno-tdioline 
have produced stnmg evidence for the fact that the former mode 
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of choline action normally proceeds in the rat liver. This does 
not exclude that the second mode may also be of importance. 
While it has been shown, however, that ethanolamine is easily 
methylated to choline in the rat organism (Stetten 1941), it 
has not yet actually been demonstrated that this happens when 
the ethanolamine is bound in the cephalin molecule. 

Concerning the cause of cephalin increase in the livers of the 
choline-deficient rats, only some suggestions can be advanced. 
(Of other investigators only Stetten and Grail have found a 
similar rise of the cephalins without, however, making any com- 
ment to their findings). If the main process for the formation 
of lecithin in the choline-deficient animals were the methylation 
of cephalin, the accumulation of this latter compound might 
be conceived as an indication of a lowered rate of lecithin syn- 
thesis. It might also possibly be regarded as a regulative reaction 
furthering the lecithin synthesis. — Such explanations would also 
imply that the cephalins as such play very little or no part in 
the transfer of neutral fat by the liver. In fact neither ethanola- 
mine nor cephalin displays the lipotropic action of choline or 
lecithin. The cause of this is not clear. The conception that the 
cephalins are structural phospholipids, as distinct from the leci- 
thins which are metabolic ones can no longer be upheld, since 
it has been shown with the aid of isotopes that the metabolism 
of the cephalins in the liver is of about the same order as that 
of the lecithins. 

According to Hevesy and Hahn (1941) a smaller part (about 
^ji) of the liver cephalins has a more rapid metabolism than the 
lecithin, whereas the greater part has a much slower metabolism. 
(Chargaff (1942) suggests that these two forms of cephahn 
may be ethanolamine cephalin and serine cephalin). Furthermore 
Sinclair (1940) found that the rates of uptake of elaidic acid 
were practically the same for the lecithins and cephalins of the 
liver, although the maximum percentage of elaidic acid was 
significantly greater for the lecithins. In the present work it is 
seen how the cephalins during fasting decrease to quite the same 
extent as the lecithins in the liver. In alimentary lipidemi a 
cephalin as well as lecithin, both probably deriving in the main 
from the liver (Hevesy and Lundsgaard 1937, Hahn and 
Hevesy 1938), are added to the blood, apparently in the same 
proportion in which they exist. in the fasting blood, i. e. about. 
80 % lecithins to 20 % cephalins (Brante 1940). The difference 
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betwoen lecitiiiiis jind cejilinliiis in the transfer of noutrai fat 
by the liver may be (juantitative rather than qualitative, the 
eephalins (the more metabolic ]iart thereof) on a hi-jh fat diet 
not alone beinir able to prevent fat accumulation in the liver. 
It .should also be considered that a relatively rapitl metabolistn of 
liver cej)halin does nor necessarily mean that it takc.s ])art a.s 
.such in the transfer of neutral fat. 

The cause of the increased osmotic re.dstance of the red blood 
corpuscles in the choline-deficient animals may be a lowered t<dal 
phospholipid/cholestcrol ratio in the corpuscles or a changed 
choline phospholipid/cejihalin ratio. Chemical analyses should 
decide if either of these exjdanations is correct. 

Evidence for the supposed role played by the adrenals in the 
choline or jdiospholipid metabolisms has not been provided by the 
pro.sent experiments. The influence of the adrenals on the neutral 
fat of the liver, which was demonstrated by Mac Kay and corro- 
borated by the results of the. ])rc.sejit investigation, is therefore 
probaldy mediated by a mechanism which does not involve the 
plio.spholipids. Barnk.s, Miller and Burr (Bill) recently arrived 
at a similar conclusion when they found that while adrenalectomy 
decrea.sod the rate of entrance of labelled fatty acids into the. 
neutral liver fat, it did not change the. normal rate of ])hosphon,'- 
lation of absorbed fatty acids in the liver. 

Summary. 

3. In adult rats fed for three to five months on a liigli fat diet 
practically free from cliolino, the fat content of the livers rose 
to about 25 % of the weight of fresh tissue. At the same time 
the content of choline, jdiospholipids of the liver remained quanti- 
tatively unchanged a.s compared with rat.s given 5 mg choline 
per gm basic diet. The eephalins of the liver, on the other hand, 
.showed a significant incrca.se. 

2. The red blood corjmscles of the same choline-deficient rats 
.showed an increased rosi.stance towards hypotonic NaCl and 
KCl solutions. 

.T. The. neutral fat accumulated during the choline deficiency 
period disappeared in fasting. At the same time the pho.spholipid 
content of the, liver markedly decreased, while the same choline 
pho.spholipid/ccphalin ratio was maintaincil as exi.sted before the 
beginning of the fa.sf . 
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4. Adrenalectomy accelerated the disappearance of the accu- 
mulated neutral fat hut did not produce any significant changes 

in the phospholipids in the liver. 

0 . In the kidneys, the spleen and the muscles neither choline 
deficiency, adrenalectomy nor fasting brought about any appre- 
ciable changes in the phospholipids. 

6. Possible explanations for the results are discussed, especially 
the role of the different phospholipids in the transfer of neutral 
fat by the liver. 
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Uber eiiic fiilluiigstitrimetrisclie Mikroinelliode 
zur sclinellen Bestimmung des Cliolesterins. 

Von 

WILHELM THUESEN, 

Oslo. 


Eingegangen am 19. Juli 1943. 


Zur quantitativen Bestimmung des Cholesterins stehen uns 
heute eine Eeihe Methoden zur Verfiigung, die teils auf kolori- 
metrischer, teils auf chemiscli-analjtisclier Grundlage beruken. 
Die kolorimetrischen Verfahren griinden sick fast ausschliesslich 
auf die bekannte Farbreaktion nacb Liebeemann-Buechard und 
sind in vielen Modifikationen in der Literatur bescbrieben. Die 
Beaktion selbst ist zwar sebr empfindlicb, aber nicbt geniigend 
spezifiscb, wesbalb bei der direkten kolorimetrischen Bestimmung 
unbekannte Substanzen mitbestimmt werden koimen. Durch 
mehrere Arbeiten (Lifschutz 1913, Mueller 1916, Burger und 
BEmHARDT 1919, Muhlbock und Kaufmann 1931) ist gezeigt 
TVorden, dass die bei klinischen Untersuchungen iiblichen direkten 
kolorimetrischen Verfahren viel zu hohe Werte ergeben. Die zu- 
verlassigste Ausfiihrungsform ist die in neuerer Zeit von Sohon- 
HEiMER und Sperry (1934) entwickelte Methode, nach welcher 
das im Digitoninniederschlag befindliche Cholesterin kolorimet- 
risch bestimmt wird. Diese Methode hat wiederum verschiedene 
Abanderungen erfahren (Smith und Marble 1937, Sperry 1937). 

Zur genauen Bestimmung des Cholesterins ■wird man sich im 
allgemeinen der weit zuverlassigeren Digitoninmethoden bedienen, 
Diese Bestimmungsweise geht auf Windaus (1910) zuriick und 
grundet sich auf die von ihm gemachte Beobachtung, dass das 
Cholesterin mit Digitonin eine schwerlosliche Molekiilverbindung 
gibt. Da nur das freie Cholesterin in Beaktion tritt, nicht aber di- 
Cholesterinester, ist hiermit die Moglichkeit gegeben, beide Fore 

20 — i3212G. Acta plii/s. Scandinav. VoZ. G. 
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men getrennt zn bestimmen. :Man hat sich vielfacb nm die Verein- 
fachung und Verbessenmg dcs ■\Vi>'i)Ars?cben Vorfahrcn bemtilit 
und dabei auch Terscliiedentlicb vorsucbt, die unbequemo gravi- 
metrische Bestimmungsform durch andere Vorfabrcn ?.u er?et 7 .cn. 
Zalibreiche Modifikationen ?ind vorgoschlagcn worden, dock «n- 
terscbeiden sicli die jMehrzabl dersoiben mtr wcnig von cinnndor. 
Hier sollen nur einige der ^vichtigsten Jlethoden und Abandorungen 
erwabnt werden. 

Die gravimetriscbe iMikrometliode ist ziicrst von »Szext- 
Gyoroyi (1923) ausgearbeitefc und in neuerer Zeit von Maxckh 
(1930) sowie von Muhlrock und Kaufmaxx (1931) zu gennucr 
Bestimmungsmetbode ausgebaut worden. Auch cine titrimct- 
riscbe i\Iikrometbode ist von SzEXT-GYORoyi (1923) entwickclt 
Worden; sie berubt auf der Oxydation des Cbolesterindigitonids 
mit einem tiberscbuss von Chroinscbwofelsaurc und nacbfolgen- 
der jodometriscber Bestitnmung der uberscliiissigen Chroni* 
siuire. Diesc Metliode bat spater zablreicbe Abandcrungon er- 
fabren; bier seien nur die Ausfiibrungsformcn nacb Okey (1930) 
und nacb Turxer (1931) erwabnt. Eincn prinzipicl andcren 
AVeg zur titrimctriscbcn Cbolesterinbestinnnung haben Bapra- 
PORT und IvLAPHOLZ (1933) vorgcsclilagcn. Sie fallen das 
Cbolcsterin mit einer bekannten uberscliiissigen Mengc Digi- 
tonin und bestimmen im Filtrat der FiiUung das iiborscbussigo 
Digitonin, indem sie die abgespaltenc Hexosc durcb die Metbode 
nacli Hagedorx-J EXSEX ermitteln. Scbliesslicli sci nocb eine 
ncphelometriscbc Bestimmungsmetbode nacb lilunimocK, Kauf- 
MAXX und "Wolff (1932) envabnt, nacli welclicr der Triibungs- 
grad einer unter bestimmten Bedingungen nusgefullten Dig!- 
tonid-Suspension im Stufenpbotometer gemessen wird. Durcb 
Yergleicb mit einer vorber festgelegten Eicbkurve liisst sicb die 
Cbolesterinmenge berecbnen. 

L'nter den verscbiedenen Digitoninmctboden intercssieren bc- 
sondcrs die titiimetiiscben Ausfiibrungsformen, dcnn sie sind mit 
einfacben analytiscbcn Hilfsmitteln ausfiibrbar und erfordeni 
kcino kostspielige Apparatur. Die bisberigenA'ersucbo, cine titri- 
metriscbe Bestimmungsmetbode zai scbaffcn, haben jcdocb zu 
einer Eeibe Verfabren gefiibrt, die ausnabmslos sobr umstandlicb 
und kompliziert sind. In erster Linie gilt dies einer Gruppo .selir 
iibnlicber Verfabren, die auf die erwfihnte Metbode von Szent* 
Gyorgyi znriickgehen, und die in gros.scn Ziigen folgendcrmassen 
durcbgefubrt werden. 1. Filtration bzw. Zentrifugieren dc.s nus- 
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gefallten Digitonids, 2. Aus\v<aschen des Nicdersclilages mit Ather, 
Aceton, Chloroform, o. dgl. zwecks Entferming der Begleitstoffe, 
wie Eette und Lipoide, 3. Auswaschen des Niederschlages mit Al- 
kohol und warmem AVasser zw'ecks Entfernung des uberschiissigen 
Digitonins, 4. Oxydation des Digitonids mit Chromsclnvefelsaure 
(bz«'. Silberchromatsclnvefelsaure) und nachfolgende jodometri- 
sche Bestimmung der iiberschiissigen Chromsaure. — Es ist ein- 
leuclitend, dass ein so kompliziertes Arbeitsveifahren den For- 
derungen an eine praktische Analysemethode niclit entsprechen 
kann. Die zahlreichen Auswaschungen des Niederschlages mit ver- 
schiedenen Losungsmitteln sind besonders zeitraubend und in der 
Regel auch mit Sclnvierigkeiten verbunden. AViihrend das Aus- 
n'aschen mit den Fettlosungsmitteln im allgemeinen noch gut ge- 
lingt, werden sich bei dem AusAvaschen mit AVasser leicht Suspen- 
sionen von Digitonid bilden, die schwer zu filtiieren bzAV. zu zen- 
trifugieren sind. Alan lauft hierbei einerseits die Gefahr, dass das 
Digitonin nicht vollstandig entfernt und somit bei der nachtrag- 
lichen Oxydation in die Bestimmung initeinbezogen wird, anderer- 
seits dass viederholtes Auswaschen mit AA^asser bis zur restlosen 
Entfernung des Digitonins erhebliche A^erluste an Substanz be- 
dingen kann. Die hierbei entstehenden Felder konnen zu vollig 
falschen Ergebnissen fiihren; jedenfalls muss man bei diesen A^er- 
fahren mit einer betrachtlichen Fehlerbreite rechnen. 

Auch die titriraetrische Alethode nach Rappaport und Klap- 
HOLZ (1933) ist sehr kompliziert und zeitraubend, sie ist aber be- 
merkenswert dadurch, dass sie den eisten A’’ersuch bildet, die 
praktischen Schwierigkeiten zu umgehen, die mit der quantitati- 
ven Isolierung des Cholesterindigitonids verbunden sind. Die hier 
benutzte indirekte Titration bedeutet wenigstens eine prinzipielle 
A^ereinfachung, U' enn auch der praktische AA" eit der Methode durch 
die umstandliche »Rucktitration« sehr beeintrachtigt wird. 

Die Priifungsergebnisse der bisher bekannten titrimetrischen 
Digitoninverfahren veranJassten mich dazu, nach einer neuen 
Bestimmungsmethode zu suchen, die auf einfachere AA'eise und 
ohne erheblichen Zeitaufwand die Ausfiihrung zuverlassiger 
Cholesterinbestimmungen gestattet. 

Prinzip der Methode. 

In Anbetracht der Tatsache, dass das Cholesterin mit Digitonin 
eine schwerlosliche und recht stabile Alolekiilverbindung liefert. 
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war es bei cler Suche nacb ciner cinfadien und bequomon Br- 
stimmungsmethode vor allem nabclicgend, die .'^biglicbkcit einer 
titrime.irischcn Falhnvj in Envagiing zn zitdien. Kine Cholosterin* 
bestimmung nach diesem Prinzip — - insbesondero oine (ImhU' 
Titration mit einer bckannten Digitoninidsung — wUrde sick of- 
fenbar viel einfaclier als die bisherigen Digitoninniethoden gestal- 
ton, denn in erster Linic criibrigen sicli Incrbci die umstandlichen 
und zeitraubenden Operationcn, die zur Absclicidung und Isolic- 
rung des reinen Digitonids crforderlicb sind. Von bcsonderer Wicb- 
tigkeit ist es aucli, dass cine Reilic method iscbor Fchlcr, die den 
bisherigen Digitoninverfaliren anhaften — in erster Linic die Foli- 
ler, die durch das ■\viederholte Auswasclien des Digitonids mit ver- 
schiedenen Losungsmitteln bedingt sind — bei einer titrimetrischen 
Fallung uberliaupt nicht in Betracht kommen AVerden. 

Ich stellte mir daher die Fragc, ob tlie Ileakiion zwischen Cho- 
lesterin und Digitonin nach der Glcichung: 

C„H„0 + = C^H.cO • 

Cholcsterin DipHonin Cholcstorin-Dipitonid 

380.3C J228.72 1C15.08 

zu einer massanalytisclien Bestimmung verwertet werden kiinno. 

Fill* cine solclie AnAvendung der Beaktionsglcicliung rniisscn 
folgcnde Vorbedingungen erfiillt sein; 

1. muss die llcnktion praktisch quantitntiA' nach dcr stochio- 
metrischen Glcichung verlaufcn, und 

2. muss sich der Titrationsend])unkt auf irgendeino Wise 
kennzeichnen lasscn. 


Diis Ldsungsmittel. 

Eine \mllstivndige Umsetzung nach der stcichiometrisclien 
Glcichung kann nur dann erzielt Averden, Avenn (his Loslichkeits- 
produkt der AdditionsA^erbindung einen hinreiclicnd geringen V ert 
hat. Die erstc Vorbedingung ist dalier mit dcr Loaliclikeit des 
Cholesterindigitonids und damit auch mit den Losungneigenschaf- 
ten des Reaktionsmilicus eng A-erkniipft. 

Nacli dcr urspriinglichen Metliode v'on Windau.s AA'ird das 
Cholcsterin in 95 proz. Alkohol gelost und dann mit einer Lo.sung 
A'on Digitonin in 90 proz. Alkohol versetzt. Dieso Arbeitswei.^* ist 
bei den spiitcr entAA'ickelten Digitonin\'erfabron ohne Avescntiiche 
Anderungen beibcbalten, in dem man geAVohnlich beidc Sub- 
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stanzen in hocliprozonti^cni Alkoliol last. Das Oholesterindigitonid 
ist abet, wic schon Winuavs erkannte, in niclit umvesentlichem 
Masse in Alkoliol loslicli nnd zwar betriigt die Loslichkeit bei 18° 
0.014 bei 2.0° 0.020 g in 100 ml 95 proz. Alkoliol (WmDAtrs 
1910, SCHOEXHKIJIEB und Dam 1933). Das Loslicbkeitsprodukt 
der Additionsverbindiing [Cbolestetin] [Digitonin] bat denigemass 
in alkoholischer Ldsiing einen so betrachtlichen Wert, dass die 
Keaktion nacli den stochiometrischen Verhiiltnissen nie eine voll- 
stiindige sein ivird. Dm die quantitative Ausfallung des Choleste- 
rins in alkoboliscber Losung zu errcicben, muss man desbalb einen 
reicblicben Uberschuss an Digitonin venvenden, wie es auch bei 
den verscliiedenen Verfahren die Hegel ist. Die bier erwahnten 
Tatsachen machen es aber ohne weiteres klar, dass die Anwendung 
von Alkobol als Losungsmittel bei der titiimetriscben Fallung 
des Cbolesterins nicht zum Ziel fuhren wird. 

In wasserigem Alkoliol ist das Cholesterindigitonid bedeutend 
weniger loslicli und zivar nimmt die Loslicbkeit niit steigendem 
Wassergebalt stark ab. Die Anwendung eines solcben Losungs- 
mittels ivar aber ausgesclilossen, da das Cholesterin, ivie auch die 
ubrigeii Lipoide, in wasserigem Alkoliol sebr ivenig loslich ist. In 
Aceton, Atber und Benzol ist das Digitonid so gut wie unloslicb 
und diese Bliissigkeiten sind ausserdem vorziiglicbe Lipoid- und 
Eettlosungsmittel. Die unmittelbare Anwendung dieser Ldsungs- 
mittel fiir die Ballungstitration wurde aber ebensowenig zum Ziel 
fiibren, da sie andererseits fiir das Digitonin kein Losungsvermogen 
besitzen. 

Cholesterin und Digitonin zeigen iiberhaupt sebr unterscbied- 
liche Losbcbkeitsverbaltnisse und aus diesem Grunde wurde die 
Moglichkeit untersucbt, zwei verschiedene, mit einander miscb- 
baren Losungsmittel bei der Pallungstitration zu verwenden; das 
eine zur Bereitung der als Massfliissigkeit dienenden Losung von 
Digitonin, das andere zum Auflosen der zu bestimnienden Menge 
Cholesterin. 

Als Losungsmittel fiir das Digitonin erwies sicb ein wasseriger 
Alkobol am besten geeignet, docb musste die Alkoholkonzentra- 
tion zwecks Herabsetzung der Loslicbkeit des Cholestexindigi- 
tonids hinreichend gering gewahlt werden. Durcb Loslicbkeits- 
bestimmungen bei verscliiedenen Konzentrationen konnte fest- 
gestellt werden, dass das Cholesterindigitonid schon in 50 proz. 
Alkobol so gut wie unloslicb ist. In dieser Fliissigkeit ist das 
Digitonin geniigend loslicb (0.829 g in 100 ml bei 22° (Lettre und 
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IxHOFFEK 1930)) und die Losunii zei^te i^ieh selir !»ut lialthar. im 
Gegensatz zu Lo^ungen in 40 hzu-. 30 prnz. Alkolinl, die nicht 
stabil wiren. Die Bereitung dor Massfliissigkeit soli weiterimtcn 
besclirieben ■\verden. 

Als Losungsmittel fiir das Cliolesterin konnte weiterliin Aeeton 
verwendet worden, dcnn diese Flussigkcit ist snwohl niit Wasscr 
wie init Alkobol in jedem Verhfdtnis niischbar nnd besitzt aiisser* 
dem. wie bereits erwiilint, fiir das Digitonid sobr goringes la'isungs- 
vermogen. 

Bei der Titration einer Losung von Cliolesterin in Aceton init 
eincr AVasscrig-alkobolisclien Digit oninlosnng Avird sick die Fiil- 
lungsreaktion somit im Losungsinittelsystern Accton-Wasser- 
Alkohol abspielcn. Die (luantitative Zusanunensetzung dieses Ge* 
miscbcs wird sicb naturlicb wTibrend der Titration jc naeb deni 
Verbrauch an IMassfliissigkcit andern, dock konnte nackgcwiese.n 
werden, dass selbst zicmlick grossc Anderungen im iMiscdaingsver- 
hiiltnis Aceton: Wasser-Alkokol oknc Einfliiss auf die Sckwerlos- 
liclikeit des Niederscklages Avaren. Das Digitonid erwies sick in 
alien Fallen so gut Avie unloslick und die Bcaktion wirrl dcmnnck 
im System AcotonAVasser-Alkokol praktisck vollstiindig naek der 
stochiometriscken Glciclumg A'crlaufen. 

Beim Mischcn der zwei Losungen, Cliolesterin in Aceton und 
Digitonin in 50 jiroz. Alkokol, mussten andererscits anck die re- 
spektivcn Loslickkeiten der Bcaktionsteilnekmer im System Ace- 
ton-AVasser-Alkoliol beriicksicktigt Avcnlen, denn es ist naturlicb 
die Voraussctzung, dass A'orkandene Ubersckiissc soi es an Oho- 
lesterin odor an Digitonin bei jeder bcliebigen Ziisammensetzung 
des Gemisckes stabil in Losung bleibcn. Dass das Lbsungsmittel- 
gemisck auck in dieser Bezieliung den Anfordeningen entsprickt, 
konnte durch eine Beikc liUschungsA'ersueke festgestellt nerdcn. 
Hier sollen nur die folgcnden zwci Yersuckc angefiikrt Averdon, 
die fiir die spiiter angcgebene Titrationsvorsckrift von Intcresse 
sind. 

a) Eine Losung von 2 mg Ckolostcrin in 2 ml Aceton Aviirde 
mit 2 ml 50 proz. Alkokol nllmiihlick vcrsetzt. Es entstnnd keine 
Triibung und auck nach 24 Stunden Avar das Cholestcrin stabil in 

Losung. ... 

b) 2 ml Aceton AA'urden mit einer Losung von 0.3 mg Digitonin 
in 2 ml 50 proz. Alkoliol allniahlicli ver-setzt. Das Digitonin Avnrde 
hierbei nickt ausgefallt und nuch nacli 24 Stunden erAvies sick die 
Losung vbllig klar. 
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Die Bestinimung des Titrationsendpunlites. 

Da kein geeigneter Indikator fiir die tier zu verwendende Dal- 
lungsreaktion zur Verfugung stand, wurde das altbekannte Prin- 
zip kerangezogen, die Masslosung so lange hinzuzugeben, bis ein 
Tveiterer Zusatz in der jedesmal geklarten Pliissigkeit keinen Me- 
derscblag mehr erzeugt. Vollkommen ricbtige Werte liefert dieses 
Verfabien nicbt, denn eine gesattigte Losung von Digitonid wird 
sowobl mit Cbolesterin- vie mit Digitoninlosung nocb eine geringe 
Pallung zeigen. Titriert man daher die Cholesterinlbsung so lange, 
bis ein veiterer Zusatz von Digitonin keine Trubung mebr ber- 
vorruft, so gebt man etwas Tiber den eigentlicben Endpunkt bin- 
aus. Dieser Febler kann jedocb kompensiert verden, venn die 
Bestimmung unter den gleicben Bedingungen erfolgt, vie die Ti- 
terstellung der Digitoninlosung selbst auf einen bekannten Cbole- 
sterinstandard. 

"Wegen der besonderen Eigenschaften des ausgefallten Cbole- 
sterindigitonids lasst sich die Titrationsfliissigkeit dutch einfaches 
Absitzenlassen des Niederschlages nicbt geniigend scbnell und 
vollstandig klaren, aucb nicbt, Venn der letztere durcb Ervarmen 
in kristalliniscbe Form iiberfiibrt vird. Die Beseitigung des Icri- 
stailiniscb abgescbiedenen Niederschlages kann aber scbnell und 
vollstandig durcb Zentrifugieren erzielt verden und es ervies sieb 
daber zveckmassig, die Titralioncn direht in Ueinen Zentrifugen- 
gldsern vorziinehmen. In der so geklarten FlUssigkeit lasst sicb der 
Titrationsendpunkt ziemlicb genau bestimmen, indem nocb 
Mengen von 0.01 bis 0.02 mg Cbolesterin eine deutlicbe Triibung 
bervorrufen verden. 

Bereitung der Masslosung. 

Aus praktiscben Griinden vird. mit einer empiriscben Digito- 
ninlosung gearbeitet: 1 ml derselben soil moglicbst genau 1.00 mg 
Cbolesterin entsprecben imd soli somit eine dieser Menge aqui- 

1228.72 

valente Digitoninmenge, also 1.00 *-5^— — = 3.18 mg gelost ent- 
° 000. oB 

balten. 

Die .Digitoninpraparate sind selten ganz rein; man bereitet da- 
ber die Masslosung durcb Auflosen von 0.32 — 0.33 g Digitonin 
cryst. Merck (bei 100° getrocknet) in 100 ml vasserigem Alkobol 
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von 50 % unci filtriert die etva unklare riiissigkeit nncli ein odor 
zwei Tagen. Die so bercitete Losung ist selir langc haltbar. 

Um den genauen Umreclinungsfaktor siclicrzustellen, wire! die 
Digitoninlosung auf cinen bekannten Cholcstorinstandnrd oinge- 
stellt. 


Aiisfulinnig der Titration. 

j\Iit der bier zu verwendenden Endpunktsbestinnnung vird es 
natiirlich unpraktisch scin. die Titration in der iiblicben IVoise 
auszufubren, denn ein solclies Veifabren wiirdc des linufigen Zeu- 
trifugierens -wegen zu unistandlich und zeitraubend sein. Die Bc- 
stiramung v'ird sicb erlieblicli einfacber gcstalten, Venn man zu- 
uaebst durcb einc Yortitration einen Nalierungsv'erfc fiir den gc- 
suebten Yerbraucb eriuittelt. Die IMasslosung vird zu diescin 
Zwcek in grosseren Anteilen zugesetzt und man Icgt den End- 
punkt inncrlialb etwa 0.200 ml fesfc. Bei einer zweiten Titration 
wird von vornberein fast die gesamte zur Falhing erfordcrliobc 
Menge Jlasslosung zugesetzt und der Endpunkt sebiirfer eriuittelt. 
Zur Kontrollc wire! einc diittc Bestimmung ausgefiilirt. 

Yon der zu untersuebenden Losung von Cholesterin in Aeeton, 
die niebt mebr als ctv'a 1 mg in 1 ml entbalten darf, ^s'erdon 2 ml 
in einem Zcntrifugenglascben abpipettiert. (Man verwendot bior- 
fiir Gliiscben mit scbmal ausgezogenen Boden und von etva 15 ml 
Inhalt. Sie miissen zuvor griindlicb, am besten in Cbromsclnvefol- 
siiure gercinigt sein.) jMan versetzt die Probe aus einer l\likro- 
burette (5 ml Inbalt, mit 0.01 ml Tcilung) mit beisjiiclswci.se O. IOO 
ml Masslosung, Avobci das Cholesteiindigitonid fast augenblicklieh 
als milebiger, selir voluminoser Kieder.scblag ausfallt . Das G'liis- 
cben vird in ein AVasserbad von ctwa 05'^ gobraebt, indem man 
zunaebst nur 1 — 2 cm des unteren Endes in das A\'a.sser (dn- 
taueben liisst. Durcb die bierbei erzeugte AYaimebewegung konimt 
die Fliissigkeit in Icbbafter Zirkulation und das Digitonid sebeidet 
sicb nacb v'enigen Alinutcn in kiislalliniscbcn Flocken nb. Das 
Gliiscben wire! dann etvas tiefor, cUva bis zur Hfilftc, in das AVas- 
serbad versenkt und vcitcr enviiimt, bis dor kristallinische Nie* 
derscblag sicb von der vollkommcn klar genvordenen FlbsJ^igkcit 
Ecliaif abgcgrenzt hat. Die Probe wire! nun aus dem AFa.sserbadf; 
entfernt, mit kaltem AVasser abgekiiblt und .3 Alinuten zentri* 
fugieit (2,GC0 bis 2,500 Touren pro Alinute). Zu der voHlcommen 
klaren Fliissigkeit gibt man nun genau 0.200 ml Masslosung binzu 
und beobaebtet, ob cine weiteie Fullung von Digitonid entstebt. 
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1st dies der ¥all, wird die ProLe nocli kurze Zeit im "VVasserbade 
erwarmt und nachlier 3 Minuten zentrifugiert. Aiif diese Weise 
fakit man fort, bis ein weiterer Zusatz von 0.200 ml Masslosung 
keinen Niederscklag melir erzeugt. Die Auswertung dieser Vor- 
titration geht aus dem folgenden Beispiel liervor: 


Ziigabe von Masslosung: 
0.400 ml 

Fullung: 

+ 

Gesuchter Verbraueh: 

+ 0.200 » 

_u 

!Mehr als 

0.400 ml 

+ 0.200 » 

+ 

» )> 

0.600 » 

+ 0.200 » 

+ 


O.SOO » 

+ 0.200 » 

— 

Weniger als 

1.000 » 


Der gesuchte Verbraucli liegt hiernacli zwischen den Grenz- 
werten 0.800 — 1.000 ml. In einer zveiten Probe der Untersucliungs- 
losnng (2 ml) fallt man daber das Cholesterin direkt mit 0.800 ml 
Masslosung, scbeidet das Digitonid in der oben beschriebenen 
Weise ab und zentrifugiert 3 Minuten. Hat man auf diese Weise 
die Hauptmenge des Cholesterins ausgefallt und das Digitonid 
aus der Losung beseitigt, kann man scbliesslich den noch vor- 
liandenen Uberschuss austitrieren und somit den Titrationsend- 
punkt genau ermitteln. Bei der Endtitration darf jedesmal nur 
0.03 bis 0.05 ml hinzugefiigt rrerden und die kleinen Mengen 
Digitonid, die liierbei eventuell entsteben, konnen ohne voraus- 
gebende Erwarmung auszentrifugiert ■\verden, da sie sicb scbon 
bei gewobnlicber Temperatur nacb wenigen Sekunden kristalb- 
niscb abscbeiden. In unmittelbarer Habe des Endpunktes wird 
man die Masslosung nur tropfenv'eise binzufiigen; die Trubung 
entstebt bierbei nicbt momentan, sondern erst nacb einigen Se- 
kunden und zwar rvird sie dann zuerst im unteren Teil der klaren 
Eliissigkeit in Erscbeinung treten. Die Glaser -vverden am besten 
in, reflektiertem Licbt beobachtet, bei kiinstlicber Belicbtung 
empfiehlt es sicb ausserdem, auf einer Unterlage von scbwarzem 
Papier zu arbeiten. 

Die gesucbte Menge Cbolesteiin in Milligram ergibt sicb direkt 
aus der veibraucbten Anzabl Milliliter Masslosung, bzw. durcb 
Multipbkation mit dem bei der Titerstellung genau ermittelten 
Umrecbnungsfaktor. 

Im einzelnen sei zu dem Veifabren noch folgendes bemerkt. 
Fiir die eindeutige Feststellung der Priibungen ist es von Wicbtig- 
keit, dass die Glaschen vollkommen klar und sauber sind. Unter 
Dmstanden kann eine diinne Schicbt aus Digitonidkristallen an 
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den Glaswiinden Imften imd dadurcli cine f^ichere Beobachtmi!: 
schwierifr inaclien. Diescr lU>elstnnd kann initunter durck ninii- 
gelnde Sanberkoit dcr Gliiser verursnclit %verden. dilrfio al'cr in 
den meisten Fiillcn eine Folgc ungoiuigender Krwarnning scin. 
Die Abscbeidiing des Digitonids als kristallinisclier Kiedorselilag 
muss dahcr seiir sorgfaltig vorgononimcn werden. um don or- 
AVabnten Peblor zu vermeiden. dc grbsserc Mongeu Dicritonid. 
desto liinger muss die Erwiinnung im Wasserbade ilauern. dock 
Avird in der Regel eine Erwarmungsdaucr von 5 bis 10 i\linuton 
ausreichend sein. 


Ycrsuclisteil. 

Titorstollung der DigitoninloBung. 

Bei der Titcrstellung verfahrt man priiizipiell in dor gloielion dVoiso 
wic bei der Titration cincr unbokaiinton Cholestorinlosiuig, doeh Avirtl 
man liier die Hauptmcnge dcs Cliolesterins unmittelbar ausfiillon kbn- 
non, da die zu bestimmendc Menge von voridieroin gogcben ist. 

Zur Ilerstcllung des Cliolesterinstnndnrds wiirdcn 73.0 mg reiiies, 
trockcncs Cholcsterin (Sclimp. 148®) in cinem 100-ml-Messkoll)on in 
rcinstem Aceton geloat and bis zur Marke nufgefiillt. 2 ml dioser Lbsung 
cntsprachcn l.iro mg Cholcsterin und dcr voranssichtlicb.o 'N'erbraucii 
an Masslbsung wiirdc somit etwn 1.17 ml betragen, Zwci Proben von jo 
2 ml, in ctwa gleicli sclnveren Zcntrifugengliisclien nbpipeltiert, wurdoji 
daher dirckt mit je l.too ml Masslbsung vcrsctzt. die Niodorschlage in 
der angcgebenou Wcisc abgeschieden und dnnn 3 iMinutcn zcntrifugicrt. 
Das nocli in den Lbsungen bofindliclic Cholcsterin vurde schliosslich 
tropfeinvcise austitriert. Als cndgiiltigc Titrationswcrtc orgaben sick 
dabei l.iao und l.iOi ml, inr Mittel l.-ins ml. Dor Titer crgab sieh hior- 
nach zu; l.-i’o ; l.-jce = l.oos, d. h. 1 ml der Massldsung ontsprach 
l.oos odor rund Loo mg Cholcsterin. 

Bostimmung dos froion CholOBtorins ira Blut. 

Dio Extraktion erfolgt nach Bloor. 10 ml Plasma odor Oxalatblut 
verdcn tropfenwcisc unter Schiittcln zu 200 ml Alkoholiithcr (3:1) 
gogcben, man liisst einige Stunden stehcn, filtricrt durch ein Falten- 
filtcr und viischt mit Alkoholather nncli. Das Filtrat wird vollstiindig 
einsedampft, der Biickstand in reinem Accton aufgenommen untl die 
Lb.sung filtriert. Die Acetonlbsung vird cingeengt, und im Messkolbon 
auf 25^1111 atifgefullt. 2 ml diescr Lbsung entspreehon O.so ml Plasma 
odor Blut. 

Bcispicl 1. — Aus dcm nach dieser Vorschrift bereitetcn Lipoid- 
c.xtrakt wurdcn drci Proben von jc 2 ml in ZcntrifugoJighischcn ab- 
pipettiert. Die Vortitration crgab zunachst, dass dcr Verbraucdi zva- 
schen den Grenzen O.-icio — O.coo nd kg. Die zv'ci vSbrigon Proben 
wurden demgemass mit je O.ioo ml Masslbsung gefiillt, im M as.serb.'ide 
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behaiidelt iind die Xiederschlape auszentrifugiert Die nachtragliclie 
Titration crgab als cndgultige Werte O.aaz und 0.524 nd, im flittel 
()..-. 2 s nd, cnt-sprcchend 0.528 • 1. no.-, = 0.5 :h mg Cholesterin. Diese 
3Iengc war in O.ai) ml Blut cntlialten; der Gchalt an freiem Cholesterin 
betrng dahcr 66.J ing %. 


Bestimmung des Gesamteholesterins im Blut 

Da das Cholesterin des Elutes toils in frcier toils in gebundeuer Form 
vorliegt, muss zur Bcstimmung dos Gosanitcholesterins eine Verseifung 
<leH Elutes vorausgehen. Zur Her.stollung des Lipoidextraktes wurde fol- 
gcnde Ariioitswoisc vorwcndot; 

5 ml Serum wurdon mit 5 ml 10 ])rozontigcr alkoholischer Kalilauge 
1 Stundo auf dom "Wasserbade untor ofterom Umschwenken verseift 
(Riickflusskiilder odor Stcigrohr). l^ach Vordiinnen mit 10 ml Alkohol 
und -oO ml Wasser wurde die Seifenlosung in eincn ctwa 200 ml fassen- 
deu Scheidetrichter uiierfiilirt und nut 30 nd Ather versetzt. Der 
Scheidetrichter Avurde kraftig gc.schuftelt und stehcngelassen, bis die 
))eideu Flussigkeitsschichtcn sich getrennt und gekiart batten. Die 
Seifenlosung \vurdo in cinen andcren Scheidetrichtcr abgelassen und 
noch zweimaj, jcdcsmal mit 30 ml .^ther in der gleichen Weise ausge- 
zogon; die Atherausziige warden in den ersten Scheidetrichtcr tiber- 
fiihrt. Die vcrciiugtcn Atheraiisziige wurden dreimal mit je 30 nd Was- 
ser zwecks Entfernung von Alkohol und Scife geschUttclt: bei der letzteii 
Auswaschung wurde das IVasser mit 1 mi n/10 Salzsaure angesjiuert. 
Der Atherextrakt wurde in eineii Rundkolben gebracht und der Ather 
iiuf dem 'iVasserbade abdestilliert. Der Kiickstand wurde in etwa 10 ml 
Aceton gelost und unter XachspuJeji mit Acetoji in einen 25-jnl-Mess- 
kolijcn iiberfiihrt; daim Avurde bi.s zur Idarke aufgefiillt. 2 ml dicser 
Lbsung ontsprachen 0.4» ml Scrum. 

Beispiel 2. — Aus der nach diescr Yorschrift bcreiteteli Cholestcrin- 
Ibsuug wurden drei Probcn von je 2 nd in Zentrifugenglaschen ab- 
pipettiert. Die I'ortitration ergab die Grenzwerte O.soo — l.ooo ml, 
Aveshalb die ZAA-ei ubrigen Probcn direkt mit Je O.soo nd Masslosung ge- 
fallt Avurden. Nach Abscheidung der Niederschliige und Zentrifugieren 
ergabeii die Titrationen als endgultige lYcrte O.srs und O.soo ml, im 
anittel O.S54 ml, entsprechend O.ssr • l.ooo = O.S5S mg Cholesterin. 
Da diese Menge in O.Jo nd Serum enthalten war, betrug der Gesamt- 
cholesteringehalt: 214 mg %. 

Als standige Begleiter des Cholesterins sind auch die ProA’itamine 
Ergosterin und 7-Dehydro-Cholesterin im Blut A'orhanden. Da sie eben- 
falls mit Digitonin fal'lbar sind, Averden sie iu die Bestimmung miteiii- 
bezogen. Hire Menge ist aber sehr gering (Wixdaus 1936) und liegt in 
alien Fallen innerhalb der Fehlergrenzen der Bestimmung. Mit Digitonin 
fallbar sind ferner einige Substanzen, die der Gruppe der Sexualhormone 
gehoreu (traus-Deliydroandrosteron, a-Ostradiol). Auch diese Substan- 
zen sind in so geringer Menge im Blut vorhanden, dass sie den Avahren 
CholesteriuAverten nicht nierkbar beeinflussen Averden. 
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Dio Analysenfchlor. 

^\ic' pchoii crwalmt, winl dt-r eigeutlicho Titnorfohii.'r (Indikator- 
feliler) hoi dor Jiior ho-ichriohoiioJi Mi?tliode prakti<o!i ausgo.H-lialtot, da 
die Titration dor Untcrsuclningsldsiing nntor den gleichcn Jledinsungon 
erfolgt. wie die Titorstellutig der Mas-diisung gegen den ('liolosterin'itan- 
dard. Diireli die.<e l\ras.snaliiue las.'^on deli ancli andere inothodi^ehe 
T older weitgeliend eliininiereii, wesliaih die (lonanigkeit der Krgehniyjo. 
vorwiegend von den allgemeinen Titrierfehlern hestininit wird (Troj)- 
fenfehler, Naeldanf- und Ahlesefelder nsw.). Um tlen Kinfin.'^^; dieser 
Ftdder unniittelhar foststellen zu kiinnen. wiirde eine grot:?ere Anzald 
Bestimmungcn in einer genan hekannten Cliolestorinliisting ausgefiilirt. 
Es wurde hiorfhr eine Losung verwendot, die l.aoa mg Cliolesterin in 2 
ml cntliielt. Die Ergolmisse der Aualyaen sind in der folgenden Tnhelle 
vicdergegehon. 
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Der lilittehvcrt dieser Atialysen fiillt Avio crsiclitlicli mit tlom 
tlicoretischen Wert gcnaii zusanimen. Aus der Suninie der Felder- 
quadrate 2i’(f-) und dor Au/.ald iMessungcn kdnnen rlic vcrscliiede- 
ncn Fehlergru.sson ermiticlt Averden: Dor luittlere Felder tier Ein* 
/ll.72’-'l0-‘' 


zclmes-sung f,„ 


\ 


13 


de.s Mittehvertes F. 


11.72-10- 


0.009 mg; der mittlerc Folder 
i' 

d: 0.00.3 mg. In der Kegel 


14-13 

wird man nur zwci Parallclen bestimmen und you die.sen das 
Mittel nelimen; der mittlerc Fehler ergibt .sicli in diesem Fallo ?,u; 
^ 0.009 : ]'2 ~ db 0.007 mg. Damit die.scr Felder sicli niclit zu 
stark geltcnd maclit, suclit man nacli .Aldglichkoit die Konzontra- 
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tion dor Untersuchungslosung so einzustellen, dass die zu titrie- 
rende Gliolesterinmenge niclit weniger als etwaO.Smgbetragt. Der 
relative Fehler bei der Titration braucht soroit nicbt etwa ± 1.4 % 
zu iibersteigen und wird im Gebiete 1,0 — 2.0 mg Obolesterin nur 
± 0.7— 0.4 % betragen. Eei der Titerstellung mit nur zwei Pa- 
rallelen u'ird sich gleichfaUs eine Ungenauigkeit von ± 0.007 ml 
einstellen; der relative Fehler vird aber bier nur etva ± 0.5 % 
betragen. Man u’ird demnach mit einer durchscbnittlicben Fehler- 
breite von 1 — 2 % rechnen und durfte damit eine fiir gewobn- 
licbe Cbolesterinbestimmungen binreicbende Genauigkeit erreicbt 
baben. 


ZusammenfassuDg. 

Es Avird ein neues Mikroverfabren bescbrieben, nacb weicbem 
das Obolesterin durcb direkte Titration mit einer bekannten Digi- 
toninlosung bestimmt werden kann. Damit die Fallungsreaktion 
nacb der stbchiometriscben Gleichung verlaufen soil, muss ein 
Losungsmittel verwendet werden, in weicbem das Cbolesterin- 
digitonid praktisch unloslicb ist. Hocbprozentiger Alkobol, der 
gewolmlicb bei Digitoninflillungen zu Anwendung kommt, erfiillt 
bekanutlicli diese Forderung nicbt. Das zu bestimmende Cbole- 
sterin, das aus dem Untersuchungsmaterial in geeigneter Weise 
extrabiert ist, wird daber in Aceton gelost und ein aliquoter Teil 
mit einer genau bekannten Losung von Digitonin in 50 prozen- 
tigem Alkobol titriert. Die Fallungsreaktion wird sicb bierbei im 
Losungsmittelsystem Aceton- Wasser-Alkobol abspielen; die Los- 
licbkeit des Digitonids in diesem Gemisch ist sehr gering und 
wird von der wechselnden Zusammensetzung desselben praktisch 
nicbt beeinflusst. 

Die Titrationen werden in kleinen Zentrifugenglasern ausge- 
fiihrt und der Titrationsendpunkt lasst sicb in der Wiese bestim- 
men, dass man von der Masslosung so lange zugibt, bis in der 
jedesmal durcb Zentrifugieren geklarten Fliissigkeit keine Triibung 
mebr entstebt. Die Bestimmung wird sicb am einfacbsten gestal- 
ten, wenn man zunacbst durcb eine Vortitration einen Naberungs- 
wert fiir den gesuchten Verbraucb ermittelt. Bei einer zweiten 
Titration wird von vornherein fast die gesamte zur Fallung er- 
forderbche Menge Masslosung zugesetzt und der Bndpunkt 
scbarfer ermittelt. Von der empiriscben Masslosung soil 1 ml 
genau 1.00 mg Obolesterin entsprecben; sie wird auf einen be- 
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kannten Cholestcriustandard ciugt\«tcllt. Dip mitt lore I'ehlpr- 
breite betragt’ etwa — 1 — 2 "p. 

Die Gholesterinbostiminuac im Dint wiril an llaml ravpipr 
Analysenbeispiele bcschrieben und fiir die Versoifung iind Kxtrak- 
tion dcs Blutseruins wird cine beponderc Vorsclirift gepeben. Die 
Metliode ist selir einfacli und .schnell ausfiihrbar: sic diirffe sich 
deshalb zu klinischen Unterv-^ticlmngsnvecken gut cignon. 
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As is well known, occlusion of both common carotids is followed 
by a rise in the general blood pressure, a quickening of the heart 
rate, and an increase of respiration. These effects on circulation 
have been generally attributed to a reduction of the number of 
impulses elicited from the baroceptors of the sinus region by the 
diminished intracarotid pressure. This will lead to a disinhibition 
of the vasoconstrictor and heart accelerator centres and a de- 
creased function of the vagal centre (cf Hetmaks, Bouckaert 
and Regniers 1933). 

A corresponding explanation was at first given for the effect 
on respiration. Thus it was assumed that a tonic reflex inhibition 
of respiration was normally exercised from the baroceptors of the 
sinus and that the clamping of the common carotids reduce or 
abolish this effect (Heymans and Bouckaert 1930). 

With regard to respiration, it soon became evident, however, 
that the occlusion of the common carotids gives rise to a stimu- 
lation of the chemoreceptors of the carotid body, as was seen 
especially from the action potentials from the sinus nerve (cp 
Euler, Liljestrand and ZoTTERaiAJJ- 1939). This is undoubtedly 
the main factor leading to the increased respiration. No e-vddence 
has been adduced that respiration is in any way reflexly influenced 
from the baroceptors of the sinus or aortic regions under normal 
conditions (Euler and Liljestrand 1937), though an effect 
has been observed after section of the vagodepressor nerves 
(Bjurstedt and Euler 1942 a). 
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The question Avhether the effect on circulation of damping the 
common carotids may he duo. not only to a decreased stimula- 
tion of the baroceptors, hut also to a stimulation of the chemore- 
ceptons of the region has not, as far as we are aware, been dis- 
enssed. It seems to he tacitly assumed that in this case the re- 
flex from the baroceptors alone is responsible. Against this view 
objections can be advanced, however. That a considerable, hy- 
poxia or hypercapnia through stimulation of the chemorccoptors 
of the sinus region may cause an increase in the general 
blood pressure, has been found by several authors (Hkvjians, 
Bouckaeht, Eui.kr and Dautrebande 1932, Eueer and Ltr.jE- 
STRAND 193C), Winder, Bernthae and Week.s 1938, Bouckaert, 
Crimson, Hev.mans and Samaan 1911, I^jurstedt and Eui.er 
1912 b). Bcccnt experiments (Euler and Lilfestrand 1912) 
have also made it clear that the arterial blood pres.sure and the 
pulse rate arc influenced reflexly from the sinus region already 
by variations in the oxygen pressure within the physiological 
limits. Tlius it was found that when oxygen was sulmtitutcd for 
air in anesthetized cats during artificial respiration, the blood 
pressure and the pulse rate regularly showed a decrease; after 
denervation of the .sinuses and section of the vagodepressor nervc.s, 
oxygon inhalation led to an increased blood prc.ssure, and most 
of the action on the pulse rate dhsappenred. These ro.sults have 
recently been confirmed also for the rabbit (Hejneman 1913). 

From the observations quoted it would seem probable that 
stimulation of the chcmoreceptor.s in the sinus region during 
occlusion of the carotids may to some extent play a role as re- 
gards the increase in blood pressure. In order to elucidate this 
point the following e.xpcriments were carried out. 

Ill cats in chloralo.se anesthesia botli common carotids were expo.scd. 
Arterial blood pre.ssurc was recorded from the femora! artery, and 
artificial re.spiration was maintained at a constant level with a re.sjiira- 
tion pump, l)ag.s with gas mixtures being attached to it when such 
were to be used instead of air. The ventilation was just .sufficient to 
suppress spontaneous respiratory movements, but overvcntilatiori, 
which quickh' leads to a lowering of the blood })re.ssure, was carefully 
avoided. After a preliminary period of 2 mirmte.s, during which venti- 
lation with the gas mi.xturc was performed, the. common carotids were 
closed with clamps for 1 minute, thi.s being followed by another period 
of 2 mimitos before the ne.xt gas mixture was tried. 

Fig. 1 gives a typical experiment. The genend level of the blood 
pressure was but little affected by the gas mi.xturo.s used, the 
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Kg. 1. Cat in chloralose anesthesia. Blood pressure from femoral artery. Vago- 
depressors intact. Constant artificial respiration with different gas mixtures (start- 
ing at the arrows). Effect of occlusion of both common carotids. 



Kg. 2. Cat, 3.8 kg, chloralose. Blood pressure from femoral artery. Vagodepres- 
sors intact. Constant artificial respiration with gas mLxtures as marked on the 
tracing. Between arrows ocelusion of both common carotids. Time marking 10 sec. 

average pressure values being 128, 127 and 132 mm respectively 
for oxygen, air and 7.4 % oxygen in nitrogen. But it is obvious 
that a greater response to the carotid occlusion test was obtained 
when the oxygen pressure in the inspired air was reduced. Already 
in air-breathing the occlusion response (an increase of 42 and 33 
mm respectively, corresponding to 33 and 26 %) was distinctly 
greater than with oxygen (25 mm, i. e. 19 %), and it was con- 
siderably greater (60 and 62 mm, 47 % and 46 %), when the 
animal was breathing 7.4 % oxygen in nitrogen, which of course 
produced a marked hypoxia. 

In fig. 2 another experiment is given, where, in contrast to 
the one just mentioned, the general blood pressure already be- 
fore the occlusion was greatly influenced by the oxygen pressure. 
It started at about 135 mm during ventilation with oxygen, 
rose with air to about 150 and Avith 10 % oxygen in nitrogen 

21 — i32126. Acta pliys. Scandinav. Vol. 6. 
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to 170. "Wlien air -was given again, the pressure went down to 
159 and with oxygen to 137 mm. The increase during the occlu- 
sion test was much more influenced by the oxygen pressure, 
however. During oxygen ventilation it was only io mni (1-i %) 
in the first and 33 (24 %) in the last determination, with air the. 
corresponding figures were respectively 51 (34 %) and 39 (34 %) 
and with 10 % oxygen in nitrogen 83 (49 %). The irregularities 
of the blood pressure tracing during the period of breathing 10 
oxygen in nitrogen is due to spontaneous breaths induced by 
the strong stimulus of oxygen want. The artificial ventilation 
was just adequate when the animal was breathing air. 

It seems hardly probable that the decreased oxygen pressure 
in the arterial blood will lead to an intreased e~xcitobility of the 
vasomotor centre. The evidence available points decidedly in 
the opposite direction (cf Lambert and Gellhorn 1938). We 
also made some direct experiments on this point, following the 
blood pressure response after a constant stimulation of the cen- 
tral end of the depressor nerves when the animal had been ven- 
tilated with oxygen, air and 10 % oxygen in nitrogen. No differ- 
ences were observed. 

The only satisfactory explanation that can be offered therefore 
seems to be that during the occlusion test the blood pre.ssurc 
rises partly in consequence of putting out of action the barocep- 
tors and partly because the chcmoreccptors are stimulated by 
oxygen wnnt as a result of the reduced blood supply. It is of 
special interest that already during air breathing under the actual 
experimental conditions both factors are operating, though the 
effect from the baroceptors plays the greatest role. 

Summary. 

The effects of occlusion of the common carotids on the general 
blood pressure in anesthetized cats is decreased when o.xygcn is 
substituted for air, but increased if the arterial o.xygon tension 
is decreased by ventilating nvith 7 — 10 % oxygen in nitrogen in- 
stead of air. The blood pressure before occlu.sion is more or less 
influenced in the same direction. 

BoforoncoB. 

Bjursteut, it., and TJ. S. v. Eubbr, Acta physiol. Brand. 1912 a. 4. 23. 
BJORSTfmT, H., and U. S. V. Eulbr, Ibidem 1942 b. 4. 175. 



THE ROLE OF THE CHEMORECEPIORS OF THE SINUS REGION. 323 

Botjckaert, J: J., K. S. Grimson, C. Heyjians and A. S.a.maan Arch. 

int, Pharmacodyn. 1941. 65. 63, ’ 

Bouckaert, j. j., and C. Hev.mans, J. Physiol. 1930. 69. 254. 
Euler, U. S. v., and G, Liljestrand, Skand. Arch. Physiol 1936 
74. 101. 

Euler, U. S. v., and G. Liljestrand, Ibidem 1937. 77. 191. 

Euler, TJ. S. v., and 6 . Liljestrand, Acta physiol, scand. 1942. 4 
34. 

Euler, U. S. .v., G. Liljestrand and Y. Zotterman, Skand. Arch. 

Physiol. 1939. S3. 132. 

Hejneman, E., In course of publication. 

Heyjians, C., j. j. Bouckaert, U. S. v. Euler, and L. Dautreban- 
DE, Arch. int. Pharmacodyn. 1932. 43. 86. 

Heymans, C., j. j. Bouckaert, and P. Regniers, Le sinus caroti- 
dien, Paris 1933. 

Lambert, B., and E. Gellhorn, Proc. Soc. exp. Biol., N. Y. 1938. 
38. 427. 

Winder, C. V., T. Bernthal, and W. F. Weeks, Amer. J. Physiol. 
1938. 124. 238. 



From the Pharmacological Department of the Caroline Institute. 

Stockholm. 


Cliaiiges in Respiration when Changing 
to Different Postures, 

Bv 

A. O. OWE-LARSSON. 

Received .‘Jl Angiist 1943. 


Experiments with regard to the relations between posture and 
respiration in man have generally been carried out in lying, 
sitting and standing positions. It has been found that frequency 
is least when one is lying, greater when sitting and greatest when 
standing. It is the same thing with ventilation (of. Bohh 1907, 
Lil-ikstrand and WonuN 1913, Haudaxi:, Mkakix.s and PninsT- 
LEY 1918). The alveolar carbon dioxide tension is accordingly 
lowest in a standing, greater in a sitting and greatest in a lying 
position (Ltljestraxd and Wot.lin 1913, Higgins 191*1). .Soimv 
and Shock (1940) found that during the first ten minutc.s after 
taking up a lying })Osition an average decrease of 40 % was 
obtained in the respiration volumes, and in the ne.\t ten minutes 
there was a further 10 % decrease. There was no considerable 
change in the following ten minute.s. Doxae, Gamui-e and Shaw 
(1934) obtained in tlic above mentioned positions coinciding re* 
suits with previous invcstigator.s, and in addition to this a con- 
.siderablo increase of frequency and respiration volume in tlie 
vertical head-down position. 

Mark, and Neumaxx (1931) used a revolving lounge chair 
which could be fixed at different angles, the c.xtrcmo angle of 70' 
being used for the head-up position, and 00'’ for the head-down. 
The respiration was recorded by moan.s of two jmeumograplis, 
one round the thorax, ilie other round the nbdoinon, Wfam 
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changing to tlie head-up position they found in most cases a 
decrease in the breathing frequency, and Avhen going over to the 
]iead-down there was an iiicrease in frequency with a decrease 
in the depth of breathing. Wlien making a rapid change from one 
position to another a temporary retardation and deepening of 
respiration was obtained throughout. The retardation of respira- 
tion when changing from the liorizontal to tlie head-up position 
which Mark and Neujiann have found in man is in good agree- 
ment with the results obtained from animal experiments. They 
presume that the increase in respiration when changing from a 
lying to a standing position, which other investigators have 
obtained, has to do with the appearance of active muscular 
Avork. 

It has also been established that a retardation of respiration 
occurs Avhen the liead is bent far backwards, and when bent for- 
Avards respiration is hastened. This has been proved both in the 
case of man (Mark 1932) and animals (Mark 1933). In man Avhen 
the head was doAsm and bent backAvards there Avas a retardation, 
but there was only an indication of this AA’hen the head was up. 
Mark (1932) points out the resemblance between the results AAuth 
the different positions of the head and those obtained Avhen 
pressing the carotid arteries and the carotid sinus respectively 
(Mark and Neumann 1931). 

"When experimenting Avith dogs Cybulski (1879) found that a 
retardation in respiration occurred when there was a passh'^e 
change from the horizontal to the vertical head-up position, and 
that respiration was more frequent when the vertical position 
was reversed. Salathe had previously made the same observation 
(1876) and had moreover found (1877) that when rabbits AA'ere 
placed in the vertical head-up position, they died Avithin 15 
minutes to tAvo hours. Blumberg (1885) found in cats and rabbits 
more frequent respiration and a decrease in frequency respectiA^ely 
under the conditions mentioned above, and by dividing the vagi 
he was able to neutralize this effect of the posture on the respira- 
tion. Hill (1895) like Blumberg found after dividing the vagi 
no decrease in respiration frequency Avhen changing to the ver- 
tical head-up position, Bor recording Hill made use of a pneu- 
mograph round the thorax, and from his experiments as well as 
from previous investigations on animals it has only been possible 
to get a definite conception of the frequency and not of the vo- 
lume of the ventilation. 
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Method. 

Experiments have been carried out. on 8 rabbits besides one on cut. 
rabbits were anaesthetized with urethane, l.s gpr kg body weight 
intravenously, except in one case when a mixture of urethane and 
chloralose was used. In the cat oxj)erinient O.or.a g pr kg bodv weight 
chloralosc -f- 1 cc 20 % tirethanc solution was emphn’ed. In order to 
record the respiration an air-tight box — a so-called body plethysmo- 
graph — was used, and the animal was placed in this and fastened to 
a board with its abdomen upwards. The bo.x was connected to a spiro- 
meter which recorded the respiration movements on kymogniph pajier. 
The animals breathed through a tracheal cannula connected with the 
air outside the bo.x. The blood-pressure was recorded by means of a 
mercury manometer connected to the femoral artery. Ileforo the. ex- 
periment was begun both carotid arteries were exposed in five cn.scs. 
In order to control that the sinus regions wore intact the animals were 
first made to inhale a gas mixture containing about u — 10 % of o.xygeu 
in nitrogen wliicli was followed by an iticrea.sed respiration. The same 
method was afterwards applied in order to control the effect ivenes.s of 
the denervation (sec below). The box was changed from the horizontal 
to different positions, i. e. a vertical and a -f ‘15“ Jicad-np po.sitiou and 
a vertical and a — 45° head-down position. The two first mentioned 
positions will be called 90° and -{- 45° respectively, ajul tin; head* 
down positions — 90° and — 45°. The cxjicrinients were repeated 
several times and in five cases experiments were made after the de- 
nervation of the two sinus regions. The rotation axis went through the 
cannula in the femoral artery. Two cx})eriincnts were also made re- 
cording the respiration in the chnngo.s of position before and after the 
division of both vagi. 


Mesnlts. 

Eabbits. When clmnging tlie animal from a liorizontal position 
to a -}- 90° a marked dccrca.se in ventilation was brought about, 
and sometimes respiration stopped entirely for a few .seconds. A 
strong decrca.se in frequency w'ns mo.st often obtained a.s well as 
a pronounced decrease in amplitude. Ventilation subsequently 
increased to a certain extent. In mo.st ca.scs the animals were not 
kept in' the new position for more than a few minute.s and mo.st 
often it was not so long ns that. AVhen the animal was afterward.q 
pub back into the horizontal po.sition, respiration often became 
accelerated far beyond the normal, i, c. before the change to tlie 
vertical po.sition (see fig. 1 A). After this the breathing decreased 
and slowly reverted to normal frequency and ampUtude, 

AA'lien changing the animal to a -f- 45° position, too, a decrease 
in ventilation was also brought about, though this was not .so 



CHANGES IN RESPIRATION. 


327 

considerable as y-ben changing to + 90°. After returning to tbe 
borizontal position respiration became accelerated and it grad- 
ually went back to tbe normal. 

After tbe denervation of tbe two sinus regions tbe same effect 
was obtained as bas been described, i. e. a decrease in ventilation 
when changing to -f 90° and -f 45° as well as more than normally 
increased respiration after going back to tbe borizontal position. 
As will be seen from tbe table, there seems, however, to be a 
tendency towards a greater decrease in amplitude after dener%\a- 
tion than with intact animals, while frequency does not seem to 
be influenced as much after denervation. 

Tbe table below gives the values from a typical experiment on 
a 2.1 kg rabbit. 


The sinus regions 
intact 

Breaths 
pr min. 

Average 
breaths 
in ml. 

Ventila- 

tion 

ml/min. 

Ventilation in 
the new posi- 
tion in % of 
the ventilation 
in the hori- 
zontal position 

Horizontal position^ 

63.2 

■n 

980 

/<Q c\ 0/ 

+ 90’ position’ 

41.7 


479 

/o 

Horizontal position’ 

62.0 

■■■ 

910 

A Of 

-p 90’ position’ 

41.2 

12.24 

504 


Horizontal position’ 

67.0 

14.04 

990 

9,^ 2 0/. 

+ 45° position’ 

. 59.8 

14.10 

843 


Horizontal position’ 

65.5 

14.GS 

962 

0 9L 

-}- 45° position’ 

58.4 

14.10 

827 


The sinus regions 





denerrated 





on both sides 




IflfHHIIIHj 

Horizontal position’ 

50.O 

15.92 

796 

48 5 % 

+ 90° position’ 

41.0 

9.42 

386 


Horizontal position’ 

49.4 

15.00 

771 

48.1 % 

+ 90° position’ 

40.O 

9.28 

371 


Horizontal position’ 

50.4 

15.50 

784 

81.0 % 

+ 45° position’ 

50.4 

12.00 

635 


Horizontal position’ 

49.0 

16.14 

791 

71.2 % 

+ 45° position’ 

43.9 

12.82 

563 



Similar results were obtained in the other experiments at these 
positions. 


^ Just before changing to next position. 

* Calculated from the beginning ca 20 seconds after changing to position in 
question, ca 20 breaths onwards. 












328 


A. 0. OWE-LARSSOK. 


Tlie effect is not so great ■when going to the hoad-t.io'wn posi- 
tions, 90 and 45% as to tlje head-np. Prcfjuency }jas shown 
\ar\ing conditions. In the ■ — 45° with the sinus rocions intact 
in the six animals on which the experiments were carried out, 
the frequency in three of them showed a considerable increase, 
while in the other three it remained almost unchanged. In the 
— 90° an increase in frequcnc}- was obtained in three animals, in 
one it was practically unchanged, Avhilc one .showed a slight 
decrease. A distinct decrease in ainjjlitude occurred in both posi- 
tions. Only one determination gave an increase in amplitude, hut 
in three otliers the .same animal showed a decrease. One animal 
showed a considerable increase in ventilation, which was brought 
about by a great increase in frcquenc)'. This animal will, however, 
be excluded when judging the rc.sults on account of the later 
occurrence of unusually accelerated breathing indicating some 
sort of irritation, possiblj’ from aspirated mucus. Apart from this, 
when carrying out 14 determinations on 5 animals, ventilation 
in 11 showed a distinct decrea.se, while it increased somewhat in 
one determination, and in two determination.s on one animal re- 
mained practically unchanged. 

A typical example is given below (rabbit, 2.5 kg). 


The sinus regions 
intact 

Brcntlis 
pr inin. 

Average 
breaths 
in ml. 

Ventiln- 

tion 

ml/min. 

Ventilation in 
the new po.si. 
tion in “o of 
tho ventilation 
in the hori- 
zontal position 

Horizontal position’ 

— 45° position’ 

Horizontal position’ 

— 90° position’ 

40.5 

40.t 

41.1 

41.7 


B 

94.1 % 

i 

87.1 % 1 

The sinus regions 
denervated 

1 on both sides 



i 1 

i 1 

1 ^ 

1 ‘ 

I Horizontal position’ 

; — 45° position’ 

1 Horizontal position’ 
— 90° position’ 

31.3 1 18.32 

35.8 ! 18.12 

33.S ! 19.02 

32.1 i 15.C0 

5»3 I 113 e 0/ 

049 1 i 

G43 j g i 

501 ] i 


> .Ta-st before changing to next position. 

> Calculated from the beginning c-a 10 second.x after changing to poMtxm in 
question, ca 15 brcatb.s onwards. 
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Fig. 1. 

A. Rabbit, 2.3 kg. Change to vertical head-up position. Decrease in frequency 

and amplitude. Vagi intact, 

B. Rabbit, 2,7 kg. Change to vertical head-doirn position. Definite decrease in 

amplitude. Vagi intact. 

C. Rabbit, 2.7 kg. Change to vertical head-up position, after dividing both vagi. 

Increase in frequency and considerable decrease in amplitude. 


After denervation an increase in frequency was obtained 
throughout at — 45°, At — 90° an increase was obtained in one 
animal, while another showed a somewhat diminished frequency. 
A decrease in amplitude was obtained throughout. Experiments 
were carried out at — 45° on three animals and at — 90° on two. 
Ventilation was recorded to begin ca 10 — 20 seconds after the 
changing of posture. At — 90° there was a decrease in every 
case, while it increased somewhat at — 45° in three determina- 
tions, and in one there was a slight decrease. 

It is evident from the above that there was a decrease in ampli- 
tude both before and after denervation when changing to the 
head-down positions, wliile there was hardly any change or an 
increase in frequency. There is too little material to determine 
whether there is any significant difference in these positions be- 
fore and after denervation. The difference is slight, and in order 
to obtain accurate results careful consideration would have to be 
taken to several factors, e. g. the rapidity with which the change 
of position is carried out, fatigue etc. 

After dividing both vagi, too, an equally great decrease in 
ventilation was produced when changing to -f- 45° and -j- 90° as 
there was before. This decrease was caused by a very pronounced 
decrease in amplitude, while the frequency somewhat decreased 
only once in the 7 determinations that were made on the two 
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animals, apart from this it showed a distinct increase. This in- 
crease of frequency is in agreement with the researches of other 
investigators, who established the fact that the decrease in fre- 
quency obtained when changing the position of a rabbit to the 
vertical head-up disappears after dividing the vagi. 

In connection with the head-down position.^ an increase in 
frequency and a decrease in amplitude has also been obt.ainod 
after dividing the vagi. In one animal ventilation showed a slight 
decrease, while in the other there was a .slight increase. 

A typical example is given below (rabbit 2.7 kg). 






Ventilation in I 

Vngi intiict 

Breaths 
pr min. 

Average 
breaths 
in ml. 

Ventila- 

tion 

ml/niin. 

the new posi- 
tion in % of 
the ventilation 
in the hori- 
zontal position 

Horizontal position* 

67.7 

17.30 

998 

54 1 <*' 

+ 90° position’ 

49.2 

10.98 

540 


Horizontal position* 
-f 90° position’ 

54.0 

IS.st 

1,0.34 

r^.i n O' 

52.0 

lO.GG 

564 


Horizontal position* 

1 -f- 45° position’ 

5G.1 

18.30 

1,027 


45.S 

14.18 

649 

0.7. « ,0 

Horizontal position* 

5-1.1 

21.SG 

1,183 

84.9 % 

; — 15° position’ 

64.1 

is..5r. 

1,001 

Horizontal position* 
— 45° position’ 

56.1 

19.GG 

1,103 

105,9 % 

56.0 

20.GC 

1,169 

After dix'iding 





both vngi 





Horizontal position* 

33.3 

28.00 . 

954 

51.4 % 

-b 90° position’ 

39.0 

12.40 

490 

Horizontal position* 
-t- 90° position’ 

37.2 

28.04 

1.065 

43.1 % 

42.0 

10.70 

4ii9 


Horizontal position* 
-b 45° position’ 

33.0 

28,40 

905 

G2.S % 

37.0 

16.3S 

GOG 


HorizonUal position* 
-b 45° jK)«ition’ 

30. 0 
40.3 

29,02 

15.08 

1.084 

632 

58.3 % 

Horizontal position* 
— 45° position’ 

39.2 

27.8G 

1,092 

01,9 % 

40.O 

25.10 




Cal. An experiment has also been carried out on cat. A de- 
finite decrease in ventilation was produced wlien changijjg to 


j Jiist before clmnging to next position. , 

* Calcnlatod from the bfrginning c.a 10 n^omh nflerybanging to 
question, 10 (bead-doxvn positions) or 15 (hend-np position!*) breatlij* onward*. 
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-f 45° and + 90° both before and after denervation. The fre- 
quency, -which is considerably lower than in rabbit, showed a 
slight tendency to increase or showed hardly any sign of change, 
while there was a decided decrease in amplitude. 

When changing to —90° both before and after denervation 
there was a decrease in ventilation caused by decrease in ampli- 
tude, while in frequency there •\vas scarcely any change or only 
a slight increase. At — 45° there was no change of ventilation 
worth mentioning before denervation, whereas afterwards a slight 
decrease was obtained. 

The decrease in ventilation when changing to the head-up posi- 
tion is probably depending on a fall in the cerebral blood pressure. 
A fall in blood pressure is in most cases obtained in the carotid 
arteries when changing to the head-up position (cf. Edholm, 1940). 


Summary. 

When changing an anaesthetized rabbit from a horizontal to a 
head-up position, a considerable decrease in ventilation was ob- 
tained, this being greater at 90° than at 45°. There was a decrease 
both in frequency and amplitude. When reverting to the hori- 
zontal position, an accelerated respiration above the normal was 
caused, but the normal state afterwards returned. 

"^^Tien changing the animal to the head-down positions the effect 
was not so pronounced as in the above mentioned case. The fre- 
quency was not largely affected or increased, whereas the ampli- 
tude showed a decided decrease. Thus the former often increased 
the ventilation, while the latter decreased it. Ventilation de- 
creased in general. 

After the denervation of the t-wo sinus regions, the same effect 
was brought about in the head-up positions as has been described 
for intact animals. There seemed, however, to be a tendency to 
a relatively greater decrease in the amplitude than in the fre- 
quency in comparison -with intact animals. There was generally 
speaking an increase in frequency and a decrease in amplitude in 
the head-down positions. 

After di-vdding the vagi the decrease in ventilation when chang- 
ing to the head-up positions -^vas as great as in intact animals. The 
decrease was brought about by considerable decrease in amplitude. 
Frequency increased in both experiments. A slight increase in 
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frequency and decrease in amplitude was obtained witli ilie head- 
down positions. 

A decrease in ventilation wa.s obtained both before nmbnftei 
the denervation in an experiment on cat wlien chanpin” to the 
]ioad-np position, and this, too, wn.s usually the case with the 
head-down. The decrease in amplitude ])laved the decisive part. 
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■\^Tieu oxygen was substituted for air, a moderate decrease of 
ventilation, arterial blood pressure and pulse rate was observed in 
anesthetized cats and dogs (Euler and Liljestraxd 194-2), 
Denervation of both sinuses abolished the effect on respiration, 
whereas the blood pressure reaction was sometimes undisturbed, 
but in other cases became rev^ersed, so that oxygen inhalation 
now caused an increase. This was always found when the sinus 
denervation was combined with section of both vago-depressor 
nerves, though this last operation alone had no influence on the 
blood pressure reaction after oxygen. The slowing of the pulse 
rate due to the oxygen administration largely disappeared when 
both vagotomy and sinus denervation had been performed. 

It seemed of interest to extend these observations to the rabbit. 

The animals were anesthetized with 1.4 g urethane per kg body- 
weight intravenously. Body plethysmograph was employed, and 
the experiments were performed in the way described for cats 
and dogs. The rabbits were breathing either spontaneously through 
Muller valves, or constant artificial respiration was maintained. 

MTien oxygen was breathed instead of air, the typical reduction 
of respiratory amplitude and rate was observed (fig. 1). After air 
had been given again, an increase of amplitude and frequency 
was always obtained. After vagotomy the effect of oxygen in- 
halation on respiration still persisted, though possibly it was 





evert HEJNEMAN. 


i il'ri I i iiiTiL TCI ■ BWMft ■«■ m t 

k 

QZ £!»**._ . 


Fi:L'. 1. Kabbit. intact. P.c.=iiiHfio:i curve. At O. ovyecu is atJwittcd. 



J'ig. 2. Rabbit. Vagotomy. Upper curve respiration, lower curve blootl I'rr.sstirc. 

At 0. oxygen is given. At P a pau.se of about 2 minutes. 



Fig. 3. Rabbit. Roth Fimi.=c.s clcnerrnted. VngorlcprcRsors intact. Upper curve 
respiration, lower curve blood pressure. At Oj and air oxygen, rt'ap. air is 
given. 

At P a pause of about 2 minutes. 

.soinewliat reduced (fig. 2); n certain comj)en.sfition took place 
during the finst fetv minutes. If both .sinuses had been dcnorvnted, 
witli or without preceding vagotomy, no reduction of rc.spiralion 
after oxygen was found (fig. 3); sometimes a small increase of ven- 
tilation was ob.servcd. This is in full conformity with the results 
obtained on cats and dog.s. 

With regard to the arterial blood prw.sure, only small and irre- 
gular effects were obtained after oxygen (table 1), and this was 
also found after section of the vagodepres.sor nerx'es. During 
artificial resi)iration, a small dccrca.se was usually observed. 
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■When denervation of the sinuses had been performed, however, 
the blood pressure, with one exception, always rose when cxj^^gen 
was inhaled, sometimes to a rather considerable extent (table 1, 
fig. 3). These results are also in complete harmony with those 
obtained earlier for cats and dogs. 

Table 1. 

Percentage Alteration in Blood Pressure and Pulse Bate in Babbits 
when Oxygen is inhalated instead of Air. 
s = spontaneous, a = artificial respiration. 


Experiment 

Normal animal 

After vagotomy 

After denerva- 
tion of both 
sinuses 

After vagotomy 
and denervation 
of both sinuses 

Blood 

pressure 

Pulse 

rate 

Blood 

pressure 

Pulse 

rate 

Blood 

pressure 

Pulse 

rate 

Blood 

pressure 

Pulse 

rate 

Lb.. . . 

4- 6.6 

+ 1.9 



+ 19.8 

0 

+ 12.9 

4- 0.7 


“0.8 

-0.6 



+ 19.2 

+ 0.7 

+ 17.0 

+ 3.2 


+ 5.7 

- 4.0 



+ 20.9 

0 

+ 12.3 


2. e. . . . 

+ 4.0 

- 1.0 

- 1.5 

-0.4 



4“ 3.8 

“0.5 


0 

0 

- 1.0 

— 0.8 



+ 28.4 

-1.7 


+ 3.0 

-0.3 

+ 1.0 

-0.4 





3. a. . . . 

+ 1.4 

-0.3 

-3.8 

-1.1 



+ 19.0 

“0.6 


- 6.8 

- 1.0 

-2.5 

-1.1 



+ 17.0 

0 


+ 1,6 

-1.0 

-8.9 

-0.6 



+ 30.6 

V l.l 




— 1.6 

-0.3 





4. . . . 

- 1.3 

-0.9 



— 2.6 

+ 0.6 




— 0.9 

- 0.6 



+ 9.4 

0 




- 0.8 

- 0.2 



+ 7.0 

— O.S 




With one single exception, the pulse rate showed a small fall 
when oxygen was substituted for air in the intact animal, and after 
vagotomy. No definite effect was observed after denervation of 
the sinuses. 

Sammary. 

In rabbits oxygen inhalation seems to have the same influence 
on the chemoreceptor activity of the sinus region, as had been 
established earlier for cats and dogs; with the modification, how- 
ever, that the decrease of the blood pressure in the intact animal 
was less constant. 
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Tran.scntion of the })ituifarv stalk has piven divergent results 
in different expcriniontnl studio.s of the pituitary body and its 
functions. For instance, whereas histological alterations in the 
gonads were found by Haukis (1037) as well as Wkstman and 
Jacousouk (1037. 1910) after stalk section in rabbits, no .such 
changc.s could be detected bv Brook (1038). In the. rat IVkstmak 
and Jacobsohn (1037, 1038) as well ns Kkroi.d and Kn*Ki;.X!AN 
(1038) found changes in the sexual cycle or morphological change.^ 
in tlic gonad.s, while Uotiba (19.30) and Dk.hrskv and Uotila 
(1040) state that no alteration.s of tliis kind followed stalk .section. 

Section of the })ituitary .stalk of the rat can ho performed i)y a 
.subtemporal apj)roack according to GiRAi'iO.sst.viT: (1031), while 
the parapliaryngeal route was used in a method elaborated by 
Kichtkr (1930, 1933). From the descriptions published and from 
later invc.stigations it is evident that the stalk cannot be seen 
during the operation, and tbe number of succe.ssful total .secfton« 
is not large. UoxibA (1030) states that he can make the .st.alk 
vi.sible, but does not explain how this is technically jiossiivle. 
However, on photornicrograplis published by liirn (1930) and by 
Dr.MPSKY and Uotila (1040) it is to be seen that cells from the 
pars ttd>er.alis pass without a break into the .anterior lobe. /\s 
Wk.st.max, .Tacobsoiik and Hini.ARr (104.3) have shown, however, 
•■severance of the connection between the infundibulum .and I be 
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posterior lobe as well as between tbe pars tuberalis and tbe an- 
terior lobe is of the greatest importance. 

The methods hitherto described for the severance of the piiuiiartj 
stalk of the rat do not ensure a complete section, sufficient considera- 
tion not having been paid to those technical details which are neces- 
sary to bring the stalk under ocular control. There would therefore 
seem to be some motivation for describing a technique developed 
by me, which has given better results. 

The Method Employed for the Transection of the 
Pituitary Stalk of the Eat. 

The instruments employed for the operation are illustrated in 
Fig. 1. The clamp shown in the figure is for screwing firmly 
around the lower jaw so that the two points project like the 
tusks of a boar and rest against the table when the animal is 
laid on its back. The head is also secured by means of a rubber 
band stretched around the upper incisors. By this means turning 
movements of the animal’s head can be avoided, which is of 
importance, as it is necessary for the operator to keep the position 
of the median plane clearly in view. The hooks are made of thin 
sewing-needles, which are inserted in glass rods. The point of 
the needle is bent in a gas-flame after it has been pushed into 
the eye of another needle. The use of needles intended for mounting 
insects would no doubt yield hooks of still finer gauge. It has 
been found advantageous to use three such hooks at an operation, 
one suitable for removing chips of bone, one for opening the 
dura, and one suited for use on the pituitary stalk. The three 
spherical drills have a diameter of respectively 2, 1.7 and 1.1 
mm. Besides the instruments illustrated a large number of small, 
hard-rolled cottonwool pellets of different sizes are required. 

The operation is performed with the aid of a telescopic loupe 
(Leitz) magnifying 10 to 12 times and with a focal distance of 
14 to 15 centimetres. Good illumination is obtained by the use 
of a specially constructed lamp, the beam of light from which 
is directed on the operative area by a concave reflector mounted 
on the loupe. 

The base of the cranium is laid open under ether anaesthesia 
by the method customary at hypophysectomy. No muscles are 
sectioned, these as well as the pharynx being pushed aside. 
Respiration has to take place through a tracheal cannula. 

22 — 'f32126. Acta phys. Scandhiav. Vol. 6. 
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Fig. 1. Tlio instninientfl employed. 


The repion orally to the fiphcno-occijhtal .suture i.s swahhecl clean 
with a pellet of cottoinvool. The pharynx is pushed as far forward 
as jjos.-^iblc, as a rule •} to D mm. orally to the .suture, this to .avoid 
perforation of the pans nnsalis and pans orali.s. Orally, the soft 
parts are held by a hook with tlic aid of the left hand, while they 
are held drawn over to the left by a hook fixed in the operating- 
table. The centre of the operative field i.s marked by the median 
ridge .situated behind the .suture. The outer lamella of the .sphenoid 
bone i.s drilled with the coar.sc.st drill in the mid-line jii.st in front 
of the .suture, w]icrou])on the bone marrow is mopped u}) so as to 
render the inner lamella visible. A small piece of muscle cut from 
the pretracheal tis.sue.s is inserted in the liolo, where it is gently 
manipulated in between the bony lamellae with pincette and 
pledget. The hole i.s then enlarged with the smalle.st drill i.'y 
cutting away the outer lamella in the oral part of the hole, al- 
ternately drilling and ])iishing the muscle plug forward under 
the edge. Sooner or later in tlio cour.se of the drilling h.aemorrhage 
will arise when the tran.sversc simrs is entered, .and the nrtcria 
canalis pterygoidei may also be injured. A cotton ]dug placea 
in the hole readily arrc.sts this bleeding, and after pu.shing, when 
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necessary, a little more muscle under the edge of the bone the 
drilling can proceed. The front edge of the drill-hole should be 
situated as far anterior to the sphenoid suture as possible. The 
inner lamella ought no to be drilled until any bleeding that may 
arise has completely ceased. If the interlamellar plug is not im- 
mediately effective, tamponage of the entire hole with cotton 
and a short interval of waiting usually have the required effect. 
After the inner lamella has been mopped clean, it is carefully 
cut away with the two smaller drills. Usually, two or three bone 
splinters remain, these being removed with one of the small hooks. 
If any blood then trickles forth, it should be swabbed up cauti- 
ously, and a piece of muscle may be placed on the bleeding spot 
and a cotton tuft over this for a short while. As a rule, no new 
phase of the operation should be commenced until complete 
arrest of haemorrhage has been established. The anterior margin 
of the pituitary body and the stalk are now faintly \’isible through 
the dura, which is opened with a thin hook. Should there be 
any bleeding, which with careful work here is usually very little, 
a small piece of muscle is temporarily applied to the spot. The 
stalk, which can now be seen entering the hypophysis, is seized 
with one of the small hooks and cut off. In doing this care must 
of course be taken to remove the whole stalk including its borders. 
At this juncture there is usually an escape of blood and fluid. 
After the blood has been mopped up, a small piece of muscle 
is placed between the two bits of stalk and is allowed to remain 
there. After a short wait to make sure that haemorrhage has 
ceased the hooks and tracheal cannula are withdrawn, h'inally, 
the organs are restored to their position, after which the operation 
is concluded with a cutaneous suture. 

At a prelimmary study of its topographical anatomy the pituitary 
stalk is most easily recognized by its characteristic vascular delinea- 
tion with longitudinally straight or sinuously running vessels, which 
spread out on the hypophysis as over the cone of a funnel after passing 
along its pipe. The vessels in the pituitary body, on the other hand, 
appear as a fine network or as arched tops of otherwise concealed loops. 
The stalk also stands out by its faint yellowish-red tint against the 
more white base of the brain and by the fact that its lateral edges 
can be discerned. Fig. 2 is a view of the base of a rat brain, showing 
the pituitary stalk gripped with a hook. 

The results of the operations have been controlled by means of 
sagittal sections serially cut through the hypophysis and hypothala- 
mus in contiguity. The following procedure has been employed. The 
bone is removed after being fixed and decalcified, this to render 
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it- easier to cut out tlic area in 
question. The renminijif; piece of 
bone c.annot he lifted straightaway 
from the dura-enveloped ba.'^e of 
the brain, bein" held there by the 
trigeminal nerve with its investitii: 
fold of dura. The lateral parts of 
the brain are therefore cut away by 
sagittal .sections until the trigeminal 
nerve is e.vpo.sed on one .side. After 
the nerve has been pulled away the 
piece of bone can be gently lifted 
from the dura. Since the jnirpose 
of the .subsequent inspection of the 
sections is not to ascertain whether 
the stalk ha-s been obliteratctl, 
but the break in continuity mainly 
appears as scar formations in it, 
this method would appear to be 
free from objections. 

The fact is that a cicatrization 
embracing the whole stalk and also 
the pars tuboralis occupies the first 
place, as a criterion of a .sati.sfactory 
performance of the stalk-cutting operation, in addition, there should 
be observ'nblc a counective-tissue induration of tlu; posterior lol»e, a 
small conncetivo-tis.sue scar in the anterior lobe at tin* point of entry 
of the stalk, and a break in the continuity of the stalk vessels, 

.Since the method de- 
scribed above was dev- 
ised it has been employed 
in an experimental series 
oomj)rising nine ruts from 
b to 10 months of age, 
which were killed two 
months after the opera- 
tion. All of the itnimals 
survived the operation. 
In one case the .«tnlk was 
not brought into view 
because the trephine 
bole wu.s made too far 
caudally, and here a 
residual stalk-comieetion 
was found at the snb- 
stajuent control of the 
attempt that wa.s never- 
theles.s made to sever 
the stalk. In this ca;'" 



I'ic. 3. Operative area, showing (.omplete fliseon- 
tinuily of stalk. 1 pinitary gland, 2 atalk. 3 break 
in continuity with scar formation at site of utalk 
transection, "4 posterior lohe (imlnrated with eon- 
ncctivc tisaue). x 42. 



Fig. 2. The exposed base of tbe 
brain of u kilte<l rat. I pituitarj- 
gland, 2 pilnit.ary st.alk grijija-d with 
a hook, 3 optie chia«m, 4 trigeminal 
nerves, x 10. 
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jio signs of connective-tissue induration of the po.sterior lobe were 
found, whereas in all other cases such signs were present. In two 
cases the stalk section was partial. Certainly connective-tissue scar 
was in these cases found with satisfactory localization in the stalk but 
in a limited area (Fig. 4) parstuberalis cells could be seen to pass over 
into the anterior lobe. In the remaining six cases complete stalk section 
had been obtained. 



Fig. 4. Partial section of a stalk. 1 pituitary gland, 2 stalk, 3 scar formation, 4 
continuous track of cells from the pars tuberalis to the anterior p tuitary lobe. 
The stalk section is not complete. On the figure a vessel is also visible which with 
the aid of adjacent sections can be shoAvn to extend without a break between stalk 

and anterior lobe, x 195. 

The method set forth here, by enabling severance of the stalk to 
be carried out under ocular control, ensures a satisfactory result 
in a larger number of cases than hitherto. At the same time it enables 
a better evaluation of the result of the operation in the particular 
case, tvhich enables a better distribution of the animals into experi- 
mental groups. Further, the risk of causing unintended lesions ts 
naturally less when the stalk is in view than in a blind operation. 

As an experimental method stalk section in the rat suffers from 
a certain limitation in its value, since perfectly pure experimental 
conditions are scarcely obtainable on account of the fact that 
at the severance of the stalk not only are its nerve tracks broken 
but also some of its vascular tracks. 
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Summary. 

Investigations by various authors into the offoct of transect ions 
of the pituitary stalk upon the action cxerciseil by the }>ituitarv 
gland on other organs have given varying results. This disagree- 
ment, at any rate when the rat has been used as experimental 
animal, seems to be partially due to the fact that no .sufficiently 
reliable method for transecting the pituitarity stalk has heen 
described. In the pre.sent paj)or a method of .severing the pituitary 
.stalk of the rat is submitted by wliicb the stalk can be approached 
by the parapharyngeal route and severed under otudar control. 
Of nine rats operated on hy this method it gave in six cases 
complete section and in two partial section with pars-tuberalis 
cells remaining in continuity with the anterior lobe. 
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AltersTeraiidernngen des Beruliniiigssinnes. 

I. Driickpunktscliwellen und Druckpunktfreciuenz. 

Von 

HANS RONGE. 

Eingereieht am 17. September 1913. 


Eine fruhere Untersuciiung (Ronge 1942, 1943) hat ergeben, 
dass die Anzahl der MEissNERschen Korperchen in der Einger- 
beere luit steigendem Alter stark abnimmt. Ihre Frequenz je 
Flacheneinheit vermindert sich uamlich von etwa 80 je mm® bei 
Sauglingen auf nur 5 je mm- bei alien Lenten. Piese Abnahme 
fallt zum grossten Teil in die IVachsturnsjahre und beruht auf 
der Flachenvergrosserung der Phalanx beim Wachstum. Pie Ge- 
samtzahl der hlEissNERschen Korperchen in der Fingerbeere sinkt 
von etwa 6,000 bei Kindern auf 1,000 bei alten Leuten. Piese In- 
volution, welche also ungefabr 80 % der urspriinglich angelegten 
Kervenendkorperchen umfasst, scheint ziemlich kontinuierlich 
wahrend des Lebens zu erfolgen und also keine banale, senile 
Yeranderung zu sein (Abb. 1). 

Pank V. Freys (1897) grundlegenden Pntersuchungen iiber die 
Druck- Oder besser Beriihrungspunkte der Haut wissen wir, dass 
in den behaarten Hautgebieten, ivelche ungefabr 95 % der ge- 
samten Korperflache ausmachen, die Fahigkeit der Beriihrungs- 
rezeption zum iiberwiegenden Teil an die Haare gebunden ist. Als 
rezipierendes Organ betrachtet man den zuerst von Bonnet (1878) 
beschriebenen Nervenkranz um den Haarbalg. In den nicht be- 
haarten Hautgebieten dagegen, d. h. auf den volaren Flachen der 
Finger, den Handflachen, den Fusssohlen, den Lippen usw., be- 
steht nach v. Frey die morphologische Unteriage der Pruck- 
punkte in den MErssNERsc7ie?^ Nervemndhorferehen. Piese soben 
auch unter den relativ "wenigen, nicht an Haare gebundenen 
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Abb. 1. Itn oborcn Diacramm rnnrkicrt dio n««pi>zopeiio Linio liic Anrnbl tbr 
MKissNKitsclu'n Kiirpcrcbon jo mm* in dor Fini^orlieoro in vorschiotloitom Alior. 
Die pcstrichelto Linio Ribt die Vcrgrd«?ening dor J’riipnrntnfloJion an iind xoniil 
das NVaclistum dor Phalanx. Ini nnteron I)ia);ramni .«!ind die in tier T*inf.’i.-rboi'r<t 
bei vcnichiedenom Alter pofundonon Gcs.amtznblen dor Mi:is.SNi;ntiobon Kbrpor- 
clicn cingcrcichnet, (Ro.m:i: 

Druckpunkten in andern Hautgebifiton vorkoininon, z. B. niif der 
volaren Fliiclie der Untorarme. 

Dicse Auffapsnng von dcr Funktiou dcr MKis.SN'Kiii’tdion Knr- 
perchen sfiitzl .«ich jedocli ausscldic.sfjlich anf Wahmdicndich' 
kcitsgrUndc. Sic sind die einzigen Nervoncndorganc, die in bezng 
auf Verbreitung iind Anzalil den Druekpunkton dcr bctrcffciidcn 
Hautgebiete ent.sprechen kbimten. Nacli.sfeliciider Vcrglcich zwi- 
sciten den in dor Litoratur angegcliencn Werten fiir ilic Anzaid 
hnarfreier Druckpnnktc nnd fbr die Anzahl MKi&sxr.itschfr Kbr- 
perclien in den entspreebendnn Hautgobicton liefert jedoch k'cincn 
schliissigcn Beweis fiir diesc Thcorio. 
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Im Theiiargebiet betragt nacb v. Frey (1897) die Anzahl Druck- 
punkte 111 — 135 und im Hypotbenargebiet 119 je cm^^. Martinez 
Perez (1931) gibt die Anzabl MEissNERscher Korperchen in diesen 
Gebieten bei Erwacbsenen auf 300 bzw. 450 je cm- an. Kiesow nnd 
Fontana (Kiesow 1902) baben 4—7 haarfreie Druckpunkte je cm- auf 
der Volarseite des Unterarms gezablt, und Krause (Ramstroji 1906) 
gibt fiir das ungefabr entsprechende Gebiet die Anzahl MEissNERscher 
Korperchen zu 2 — 3 je cm= an. 

Bazett usw. (1932) baben bei Praputialbaut von beschnittenen Ju- 
den nachgewiesen, dass die MEisSNERschen Korperchen daselbst koine 
Beruhrungsrezeptoien sein konnen. Vielmehr fanden sie unter den 
Druckpurdrten kleinej ungekapselte Nervenendkorperchen. Fiir die 
■wenigen MEissNEBscben Korperchen in den untersucbten Hautstiickon 
war keine sicbere Funktion festzustellen. Bazett halt es jedoch fiir 
zweifellos, dass die MEissNERschen Korperchen in anderen Hautge- 
bieten Druckrezeptorcn sind. 

D. Waterstone (1933) konstatierte, dass die Epidermis und die 
intraepidermalen Kerven durchschnitten werden konnen, ohne dass an- 
dere Empfindungen als leichte Beriihrungswahrnehmung hervorgerufen 
werden. Desbalb verlegt er die Rezeption der Beruhrungsreize aus- 
schliesslich in die Epidermis und behauptet, dass »andere Funktionen 
fiir die MEissNERschen und die VATER-PACiNischen Korperchen sowie 
fur andere gleichartige Organe im Corium gesucht werden miissenc. 

Gegen die alte Auffassung (v. Frey), dass die intraepidermalen Ner- 
venendigungen Schmerzrezeptoren sind, spricht auch die von v. Bagh 
(1934) nachgevriesene grosse Schwelleneindringungstiefe fiir die Her- 
vorrufung von Schmerzempfindungen. 

H. WooLLARD (1935) untersuchte ein ausgeschnittenes Hautstiick, 
auf dem vorher samtliche Sinnespunkte festgelegt -worden waren. Dabei 
fand er im Gegensatz zu Waterstone, dass die schmerzrezipierenden 
Kervenendigungen in intraepidermalen, diinnen, verzweigten Nerven- 
fasern bestanden. Was die Druckpunkte anlangt, ergab sich, dass ihnen 
durchgehend Haarbalge entspiacben. 

Vor allem durch Zottermans Untersuchungen (1939) iiber die elek- 
trophysiologischen Erscheinungen in den sensiblen Hautnervmn bei 
Hautreizung verschiedener Art ist jetzt bekannt, dass an der Fort- 
leitung von Beriihrungsimpulsen mehrere sowohl morphologisch als 
physiologisch verschiedene Arten von Nervenfasern teilnehmen, welche 
mit grosser Wahrscheinlichkeit auch von peripheren Eezeptoren ver- 
schiedener Art stammen. Fiir das Vorhandensein von solchen spricht 
auch die Beobachtung von Becker und Frohle (1937), dass bei punkt- 
formiger Betaubung der einzelnen Druckpunkte die dazvrischeuliegen- 
den Hautgebiete dock nicht jede beruhrungsrezipierende Fahigkeit ver- 
lieren. 

Die Ergebnisse der Untersuchung iiber die Altersveranderungen 
der Anzahl MsisSNERScber Korperchen schienen mir jedoch eine 
Untersuchung iiber eventuelle gleichartige Altersveranderungen 
der Beriihrungssensibilitat zu mothderen. Diese Untersuchung 
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umfasste teils Bestimniungen von Druclqnmktfrt'qnon:' uml 
Druckpunktschv,-ellen in vcrfchiedenen Lel)en?altorn, '.voritber hi^r 
berichtet 'wird, teils Studien iiber die Altersvaiintionen der Si- 
niultanscli-vvellen, n-elche spatcr verbffentlicbt wcrdcn sollen. 


Jrethodik. 

Die Dntersuchung erfolgtc an 10 mnnnlichcn Individueii im Alter 
von 12 bis 76 Jahten. Die Bestimmungon fandcn auf dcr volaren 
der rcchten Handnnirzel in oinem 2 cm* grossen Hautbereieh r.wisehea 
den Sehnen des 31. palmaris longus und des 31. fic.xor carpi nlnaris 
statt. Dieso.s Gebict wnrde unter anderm de.dialb gew.Hhlt, wcil os in 
der Hegel ganz frei von Iluaren i.st und die an lln.are gcbntulenon 
Druckpunkte in die.scm Zusammenhang nicht interc.'sierlon. Dio 
Druckpunktsdichtc in diesem Gcbiet bst ancb von geeignetor Gru.« 5 e. 

Bei der Untersucluing wurdo ein As!he..<iomvtcr benutzt. Duroh JVn- 
derung der Lange de.s freien Reizliaarcs wurde ein ge.setrmiis.sigo.s para- 
boli.schcs Spannungswacbstum von l.» g/nim bis 6.3 g/nnn orhallen. 
Das Beizbaar war so abgepasst, dass die cinpfindliebslen Scbmerr.pnnkte 
erst bei cineni Spannungsvvert von ungofiihr 5.:> g/mm rcagierton, was 
bei diesem Astbesiometor oinem Drucicwert von ctwa 20 g/mm* ent- 
.spracb. Die gesetzmiissigo KoutimutxHtde.sSpannungswacb.«tunisdilrftc 
als ein Beweis fiir cine Jiinrcicbcnd genaue Boproduzierbarkeit der 
Beizstarken dc.s Instruments aufgefn.s.st werdon konnen. 

Ein Aufsucbon und cine TJntcr.sucbung jedcs einzelnon Druckpunktos 
innerbalb des markierten Ilautbcreicbs wiiro zu zoitranbeixd nnd zu 
erraiidcnd fiir die 3*crsucb.sperson gowc.sen. De.shnlb wurde folgonde 
Wabrscbeinbcbkeitsmethode angewandL 

3Iit steigenden Spanmingswcrten de.s Astbesiomctcra wurde fiir jodon 
Spannungswcrt das Beiziiaar an 100 gleicbmiissig verteiiton I’nnkten 
des IIautgcbiote.5 aufgesctzt. Dio 3'ersucb.sperson wurdo nufgeftirdert, 
jcde deutlicbc Empfindung, die sio dabei bnttc, durcb ».Tnt nnzugebon. 
Die Untersucbungen crfolgtcn sfcts unter vier Augen, und alio stbrcu* 
den 3romeiite wurden nusgescblosscn. Die I'crsucbspersonen wurdon 
so geisetzt, dass .sic nicbt bcobacbtcn konnten, wann das Bcizbanr auf- 
gesctzt wurde- Durcb Eintcilung de.s inarkiertou Kautbercicli.s in 
mebrere kleinerc Partien konnten die Bcize gleicbmassig vertoilt wor- 
den. Nacb jedem Beiz wurde cine Pau.se von 5 — 15 Sekundon eingelegt, 
nnd nacb jcdcr Beizseric durfte die Vcrsncbspcrson 5 — 15 31inuton mis- 
ruben. 

Die wirklicbc Aiizabl Druckpunkte auf dor volaren Seite dor Hand- 
wurzel cincs erwacbsencn Manncs wird von Kinsow (1602) zu dutch* 
schnittlich 28.5.1 jc cm* angegcbcn, mit Vnriationen zmscbon 12 und 
44 jc cm* bei derselben Pcnson. Pur den ulnarcn Toil <ios':cll>cn Gebict^ 
gibt Kiesow einen Miitclwcrt von 22.5 Druckpunkten jo mn* mit Xarh- 
tionen zwiscben 12 und 32 an. Innerbalb de^sclben Gebirta Jiogt nacb 
Kiesow die oberc Gronze fiir dio Schwclionwerte der Druckpunkte boi 
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2.5 g/mm, wahrend v. Frey (1897) einzelne Druckpunkte mit einem 
ScFwellenwert bis zu 4 g/mm fand. Beide geben die mittlere Schwellen- 
werte zu 1.25— 1. so g/mm an. Beide Forscher iiahmen die Bestim-; 
mungen an sich selbst vor. Ihre Ergebnisse sind mit den bei meiner 
Untersucbung gefundeneii Werten sehr gut vereinbar. 


Kesultate' iind Besprecliung. 

A. Optimale Reizstarke. 

In der naclistehenden Tabelle wird fiir jede Versuchsperson die 
Anzahl Beriibrungsempfindungen bei 100 Reizen der verschiede- 
nen Beizstarken angegeben. 


Tabelle. 

Bestimmnng der opiimalen Beizstdrhe. 


Alter der Vp. (J.) 

% der aufgefassten Reize bei folgender 
Reizstarke (g/mm) 

Ung. 

optimale 

ReizstSrke 

(g/mm) 

1.4 

2.2 

2.7 

3.7 

4.8 

6.3 

12 

25 

31 

40 

51 

56 

96 

4.26 

12 

24 

36 

43 

50 

53 

80 

4.25 

22 

19 

30 

37 

39 

45 

73 

3.20 

23 

18 

28 

35 

38 

47 

72 

3.20 

28 

20 

26 

29 

28 

43 

64 

3.20 

43 

16 

20 

21 

24 

28 

54 

2.60 

62 

19 

19 

27 

43 

64 

— 

1.80 

70. 

22 

23 

32 

56 

74 

— 

1.80 

72 

16 

65 

73 

— 

— 

— 

(1.40) 

76 

15 

55 

62 

— 

— 

— 

(1.40) 


Aus der Tabelle geht hervor, dass mit steigender Reizstarke die 
Anzabl ‘wahrgenommener Reize anfangs bis zu einem ge^ssen 
Grenzwert zunimmt. Bei weiterer Erbohung der Reizstarke be- 
ginnt die Anzabl wieder zu wacbsen. 

Dies ist folgendermassen zu erklaxen. Bei den niedrigsten Span- 
nungswerten wird die absolute Scbwelle bloss fiir die empfindlicb- 
sten der getroffenen Druckpunkte erreicbt. Infolge Erbobung der 
Reizstarke reagieren immer mebr Druckpunkte, bis scbliessbch 
bei optimaler Reizstarke samtlicbe getroffene Druckpunkte von 
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:’»4s 

der Versuchs}).,r?<»n Bei hr.herrn Spatuniiiuv 

werten wenlen aiioh dio Schuoljfn dor onipfindlitdi.ston :^dimerr- 
piniktr jibnrsdiritteiu was die* latr.te JCrlidiumg d.‘r .Anr.ahi aiif- 
gefiisstcr Hoi?.e erklart. Dio AVrstiolispor.anion Imhon tinkoi auch 
s'C‘lt)st Schiiiorzempfindmigon jin»egf}>on. 

Eiii Aiisflr’icl: fur ihr tntah' Aiizuld Jhu<'J:p)nA:tr in tlfiu (•tbiti 
ist (lie AvznhJ (h r run 100 Itdzrn >tiifiu'hi.<sti n (d. Ji. dir Pwtrntznh!] 
hci (h r u> di/'srr M ri.vo lir>(i>n»ih ii ojtliin'ifrn Jh iisfarkr. 


B. Altersvoriindorungon dcr ScbwoUonworto dor Druckpunkto. 

In dor Tabollo ist die optiinnle Iif?i?.st;irke approximativ dunh 
don Mittclwort zwisclien don Uoidoii 8}>annnngsworton ties Asiho* 
sioinctcrs ausgcdriickt. wekdic die goringsto Difforonz zwisolioti 
den entsproclionden Zaldenwcrten aufgcfasslor Boize ergehon. 

Bine riohtigore Dar- 
sfclhing gibt Abb. '2. 
wo das Gronzgobiot. 
in dein die oplituale 
Reizstjirko liogen diirf- 
to, fiir ji'den Fall aii- 
gegeben ist. Di(^ gc- 
strielioltcn Janien bo* 
y.eichnon Dent tings- 
.‘^eliwieripkeiten. 

E.s- if>t rrsiditUcIi, 
(lass dir optinnih- Hrii- 
ftdrlx viit slriijafdt'tn 
Alter erhvbUc-h ainht, 
niiinlich von etwa -l.T) g/mni bei Kindern auf La g/inm liei alttrii 
Lenten. Da da.s verwendefe A.sthc.sioinefcr koine nicdrigoroii 
S])annnng.sw('rtc air. I.t g/nun ormbgliclite, liefert die Unter- 
sncliung koine dent lichen Aufschliisse iiber die ycrandoriingen 
dcr ab.solntcn odor, dor niittleren Scliwcllon. Dio letr.teron, an.^i* 
gedriickt in Sclnvollcnmediancn, schoinen jodoeh nnoh dor Tabelle 
cine gloichartige Senkung mit Kteigondom Alter zu orfahren. 

Dio Werto. dor bciden iiltcston Ver.suchspor.«onen .sind niohf so 
loiclit zu dciitcu wic die dor jiingoren. Die Anzahl aufgofnsster 
Beize steigt hier sehr ra.sch niit waeh.'^ondcr Beiz-Htitrko iind go- 
stattet koine sichcro Beurtoilung dor optimalon Beiz.s1arko. Trot?, 
dor rnsch zunehmenden Anzahl Boizo gabon die Yor.snclispor.sono!! 
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auch nicht immer an, dass die -uberschwelligen Reize mit eigent- 
lichen Schmerzempfindnngen verbunden waren, sondern sagten, 
dass sie dabei ausstrablende, juckende Empfindnngen hattem 
Dieselben unterscbeiden sicb von gewobnlichen Beriihrungs- 
empfindungen anch durch eine dem XJntersucher erkennbare 
langere Latenzzeit zwischen Reiz und Empfindung. 

Dies scheint darauf hinZudeuten, dass aucb die Scbmerzscbwel- 
len im Senium niedriger, aber gleichzeitig die Empfindungen 
seitens der Scbmerzrezeptoren scbwacber werden. Eine solcbe 
»senile Anasthesie« ist eine aus den Kliniken woblbekannte Er- 
scheinung. 

Die Erklarung der altersbedingten Senkung der Spannungs- 
werte der Druckpunktschwellen diirfte in gleicbzeitigen Struktur- 
veranderungen der Haut zu suchen sein, die eine relativ grossere 
Deformierbarkeifc der letzteren herbeifubren. Dabei kann ab- 
nehmende Dicke der Epidermis und Herabsetzung des allge- 
meinen Gewebeturgors eine wichtige Rolle spielen. 

Bei dieser Deutung stebt die altersbedingte Scb-wellensenkung 
in gutem Einklang mit der Auffassung von Bernpeldt und 
Eeitelberg (1932) sowie v. Bagh (1934), dass das adaquate 
Reizmittel fur die Druckpunkte der Grad der Hautdeformation 
ist. Fiir kleine Beriihrungsreize hat namlich v. Bagh nacbgeivie- 
sen, dass die absolute Schwelle und andere )>topologiscbe<i Grossen 
in erster Linie dadurcb bestimmt werden, wie tief der reizerre- 
gende Gegenstand in die Haut eindringt. Die mit dem Alter zu- 
nehmende Deformierbarkeit der Haut bewirkt also, dass immer 
weniger Kraft fiir die wahrscheinlich wahrend des ganzen Lebens 
ziembcb konstante Scbwellendeformation erforderlicb ist (Scbwel- 
leneindringungstiefe) . 

Einer solchen Erklarung scheint jedoch die von Habler und 
Pott (Habler 1939) beschriebene Tatsache zu widersprechen, 
dass der elastische Widerstand der Haut, gemessen mit Schades 
»Elastometer«, mit steigendem Alter zunimmt, was auf einer 
gleicbzeitigen Sol-Gel-Umwandlung des kolloiden Bindegewebes 
beruben soil. Diese Vefschiedenheit der Ansichten lasst sicb viel- 
leicht dadurcb erklaren, dass sicb Hablers Messungen auf die 
Deformierbarkeit des Unterhautbindegewebes bezogen, wahrend 
es sicb bei den Hautdeformationen bei Druckpunktreizen in erster 
Linie um die Deformierbarkeit der Ei)idermis bandeln diirfte. 
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C. Altorsverandorangon der Druckpunktfroqaont:. 

Die boi optiinaler Deiz^tiirke gefumlcne Anr.abl Boruhrtn!i.’.s- 
enipfindungen bei 100 Keizen ist in Abb. 3 wiodergogebon. Wic 
bet don optimalen Keizstarken i.^t- dic-se Anzabl duroh den Mitteb 

^ve^t r.wisohen den 
beidon am woiiigsten 
different on Wort on 
dor beireffendon So- 
rien ausgodriU-kt. 

Die nugetifallige Ab- 
nahme in dor Ctruppo 
dor IfO-jiiiirigen im 
V'crtrleich mit don 12- 
jahripon Jiiingt offon- 
bar ill er.ster Linic 
inif der wiihrend dor 
Wach.stiiniJjjahre fort- 
.Kcbreitcndcn Verbrei- 
tiinp der Dnickpnnkte 
liber einc grb.‘<scroFlii- 
che ziisaminon. Abor 
die etwu 50 % botra- 
gende Keduktion, die zwisclicn don 20or .Taliron iind dem Seniuin 
stnttzufinden sclieint, kann niir auf einer Ahmlmv der (th!^ahtU'n 
Anzahl Druchpunlic. in deni Ilautgebiet bcnibon. 

Fur die W'^erto der beiden iiltesten Vcrfiucli.'^ptT.sonen gilt dor- 
.selbc Vorbolialt, dor obon fiir die optimalen Eeizstiirkcn derHolben 
gcmaclit wiirde. 

Fiir cine i^ichore Beurteiliing, ob diese absolute rnvoliition der 
Druck]mnkte kontinuierlicdi init .‘iteigondem Alter crfolgt, odor 
ob sie bloss sonil bedingt ist, ist das vorliegende Material z\x Jcloin. 
Die gofiitidenen Wertc sclilics-scn jedoeh cine konlinuiorliohe In* 
volution niebt aits. 

Infolgc der gleichzeif ig mit der Involution stattfindonden Ver- 
scbiclning der Driickininktsclnvcllen auf niedrigero Wertc bloibi 
die Anzahl der rcladv cmjifittdlichslrn Druchfitnkte rnit Schivellon 
bis zu 1.5 g/mm wiilirend dc.s Lebens ziemlich konstant (.‘siohedie 
Tabclle). Dic.s dQrfte die Ur.sache sew, ihm mnn in dor taglinhcn 
Praxis nicht so vie! von den t.'it.s.lchlicli vorhandenon Altersuntor- 
schieden in der Ansriistting mit Berrdirung.'^rozoptoren inerkt. 
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Rffcr 

.-\1>1). 3. Druokpunktfrequenz niif <lcr volarcn .Soitc 
<les Ilnntlgoicnks in vcrscliic<icncn Altrrn. 



ALTERSVBRANDEBUNGEN DBS BERtJHRUKGSSlNNES. 351 

Diese altersbedingte Druckpunktinvolution zeigt scblagende 
tibereinstimmung mit den oben erwabnten Ergebnissen der bis- 
tologiscben Bestimmungen des Vorkommens der MEissKERscben 
Korpercben in verscbiedenen Lebensaltern. Diese Ubereinstim- 
mung kann jedocb naturbcb nicbt als ein Beweis fiir die Tbeorie 
betracbtet werden, dass die blEissNERscben Korpercben die 
morpbologiscbe Grundlage der Druckpunkte sind. Es ist nandicb 
sebr wabrscbeinlicb, dass eine gleicbartige Involution, vde sie fiir 
die blEissNERscben Korpercben nacbgewiesen wurde, aucb die 
ubrigen Kervenendorgane der Haut betrifft (Boege 1943). 

In den bebaarten Hautgebieten, wo die Druckpunkte nacbweis- 
bcb an den Kervenapparat der Haarbalge gebunden sind, diirfte 
eine gleicbartige Druckpunktinvolution als Eolge des altersbe- 
dingfcen Haarausfalls vorliegen. Numerische Untersucbungen bierr 
iiber scbeinen jedocb nicbt ausgefiibrt worden zu sein. 

ZnsammenfassuDg. 

Die Altersveranderungen der Anzabl Druckpunkte und der 
Beizscbwellen auf der volaren Seite der Handwurzel wurden stu- 
diert. Die Besultate sind folgende: 

1. Indem man in Serien von Eeizen mit einem Astbesiometer 
die Anzabl Empfindungen in einem bestimmten Hautbereicb bei 
steigenden Eeizstarken bestimmt, erbalt man einen Gxenzwert, 
der die opiimale, d. 1i. alle Druckpuiiktscliv^etten erreichende Reiz- 
starke angibt (Tab.). 

2. Diese optimale Eeizstarke nimmt mit steigendem Alter er- 
beblicb ab (Abb. 2). Dies erklart sicb wabrscbeinlicb durcb eine 
mit dem Alter zunebmende Deformierbarkeit der Haut (Epider- 
mis). 

3. Die Anzabl Empfindungen bei optimaler Beizstarke ist ein 
Mass der Druckpunktdiohte in dem Hautgebiet. Diese AVerte er- 
fabren eine bedeutende Beduktion mit steigendem Alter (Abb. 3). 
AVabrend der AA^’acbsturnsjabre berubt dies in erster Linie auf der 
fortscbreitenden Elacbenvergrosserung des Korpers. In der Zeit 
zwiscben dem Abscbluss des M'^acbstums und dem Senium, wo die 
Druckpunktinvolution nacb wie vor deutlicb bemerkbar ist, muss 
die Ursacbe in einer fortscbreitenden Involution der berubrungs- 
rezipierenden Kervenendigimgen der Haut zu sucben sein. 

4. Diese Druckpunktinvolution stimmt gut mit der von dem 
Verfasser fruber bescbriebenen Altersinvolution der Meissner- 
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schen 2vervenendk6rporch('n in dcr Fingcrliaut uberein. Die.* kams 
jcdoch nicht als Bcwcis fiir cine beruhrung?rej:i]nercnde Funktion 
der iMfiissxERschen Kdrpcrchen aufgoffls.st werden. 

5. Die Untersuchungsrcsultate scljlic?sen nicht nu?, dnss die 
Altersinvolution dcr Druckpimkte zicmlich kontinuicrlich wrdircnd 
des ganzcn Lebcns wcitcrgcht nnd also keinc banalc, senile Veran- 
derung ist. 
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In an earlier investigation (Asmussen, Chbistensen and Niel- 
sen 1940) it was shown that the rate of the circulation during 
muscular work is closely correlated to the intensity of work even 
when the circulation to the working muscles is blocked, so that 
it need not be related to the oxygen consumption of the working 
muscles and hence to the degree of the peripheral vasodilatation. 
It was therefore put forward as a preliminary assumption that 
the cardiac output in the steady state of work is regulated by 
means of cortical impulses in the same way as Keogh and Lind- 
hard (1913) explained the sudden changes in circulation occurring 
at the onset of work. In order to study this question we have 
determined the , cardiac output, the pulse rate and the blood 
pressure in a series of experiments with electrically induced work, 
the results of which were compared with the values obtained from 
experiments with normal voluntary work. 


Methods and Results. 

The work machine was an angular lever moving on a horizontal 
axis. One arm of the lever was connected with a spring, the other 
had pedals to which the feet of the subject could be fixed. The subject 
was sitting on the floor with half bent knees and his back against 
the wall. The work consisted in a rhythmic stretching of the legs at a 
frequency of about 30 per minute. The electrical stimulation was pro- 
duced by the “Myotensor” and the different electrodes were placed 
dorsally on the thighs and ventrally on the calves of the subject. The 

23 — 'f32126. Acta pJiys. Scandinav. Vol. 6. 
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Fig. 1. Cnrdiac output nud jud^o Kite in ndnlion to oxygen intake. .Snl'jecl K. A. 

• Flertrienlly induced work 

>: Voluntary work 

O Avernge of n'st v,'ilm‘.«. 

indifforont electrode wap ])laccd on the luick of tlio .puliject. The eti- 
innlnlion l>y the “Myoteiipor'' cnupeil no sensations whatever from 
the area of skin covered l)y the electrodes. A more detailed deseription 
of the work machine and of the mode of action of the “Myotensor” is 
])resented in an earlier jiajier (Asmu.sskn, Xiki.skn’ and WiTli-l’Pi)K.!i- 
.SGX. HU3). 

The oxypen consnmjition was determined ahont l.o minutes after 
the .start of the work l)y the Dot'Ot-AS-hap method and the arterio- 
venous oxypeii difference immediately Jifterwards hy means of the 
acetylene-method of (Jiiou.mak. 

The. main cxjieriments were {terformed oti .subject K. A. (oo ye.ir*-, 
172 cm., 70 kpin.). 

In ftp. 1 the cardiac outputs and llic pulse rates from tfie t x- 
pcrinients with norma! voluntary tvork tint! electrically induced 
work are jiresented in relation to the oxygen con.sumption. The 
work jierformeti involved oxygen con.smnptions ttp to about 
1,200 cc pr. minute, i. o. about 5 fime.s the re.stirip value. The 
cardiac output, was thereby increased to more tlian twice the 
re.stinp v.nlue. Corresjujiidinply the pulse rale increti.sed from nhou! 
GO during rest to about 120 at the he.ivjest work performed. 
The pulse curve of this .subject .shows for tjje small work inten- 
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cc(^^/n/n. 

Fig; 2. Pulse rate in relation to oxygen intake. Subject H. Tii. 

O Electrically induced work 

X Voluntary work on work machine described in text 

• Voluntary work on bicycle ergometer. 

sities a relatively greater increase than ordinarily. As the figure 
reveals the cardiac output and the pulse rate increase in the same 
way corresponding to the oxygen consumption during the two 
kinds of work. 

The arterial blood pressure increased from about 105 mm Hg. 
during rest up to about 130 mm Hg. during the heaviest work 
both in the normal voluntary- and in the electrically induced 
work. 

Some additional experiments were made on a subject, H. Th. 
(57 years old), who suffered from tabes dorsalis, and in whom 
the ordinary kinestetic sensations in the lower extremities were 
completely extinguished. In the electrically induced work this 
subject could reach an oxygen intake of 700 cc. per minute, 
and during voluntary work on a specially built bicycle ergometer 
a steady state at an oxygen consumption of 950 cc. per minute 
could be obtained. The pulse rate (Fig. 2) and the arterial blood 
pressure also, in this subject increased corresponding to the 
oxygen intake independently of the kind of work performed. 
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Discussion. 

It is often assumed (JU;ix l<>3r, a. o.) that the increase in the 
cardiac output durin<: muscular ivork is caused by pressnsensildc 
reflexes as a link in the rcfrulation (tf the arterial Mood pri'ssiire. 
The vasodilatation in (he working muscles produces a teiulencv 
to a fall in the arterial blood pressure whicli is supposed 
via tlie presso-sensii)lo xones — to call forth the pulse acceiera- 
tion, the compensatory vaso-constrictions and the emptving of 
blood depots. This thcorv, however, meets with certain diffi- 
culties. It is not easy to ujulenstand how the reflex rcaction.s can 
be brought about at the onset of work, as normally no initial 
fall in the arterial blood pressure is observed. It i.s further Jiard 
to see liow the circulatory changes (increased pulse rate and 
change in vnso-motor tone) can be maintained in the later stage.s 
of work where the arterial blood pressure shows no tendency 
to diminish but on the contrary is increased. 

According to the theory here di.ecussed tlie rate of circulation 
during muscular work should be determined by the extent of 
vaso-dilatation in the working muscles. Work experiments (As- 
mu.s.si:n, Cjnii.sTENSEX and Nif.lsex, 1910) in which about 50 
pCt. of the working inusolc.s were excluded, ])y means of pneu- 
matic cuffs, from the circulation in the steady state of tlie work, 
showed, however, that the cardiac output was not diminished 
although the oxygon intake of the muscles wn.s njjproximately 
lialvod. Furtlier it was shown that if work was commenced while 
about so pCt. of tlie working mu.sclc.s wore “cut off'* from the 
circulation, the cardiac outptit ncverthclc.ss rose to the level 
corresponding to the intensity of the work. These exjicriments 
.show tliat the output of the heart in exercise is closely correlated 
with the intensity of work, but that it need not be related to 
the extent of the vaso-dilatation. 

The .same experiments also exclude the possibility that siib- 
stnnec.s liberated in the -working muscles via the bloodstream 
should play any important role for the increase in the circulation, 

■Whereas the results of the above mentioned experiments 
liardly can be explained by tlic assumption that the increase 
in the cardiac output during Avork i.s due to the automatic blood 
pre.s.surc regulation, the close relation between intensity of Avork 
and rate of circulation .suggests, that the increase, in the cardiac 
output during mu.scular Avork may be effected: either through 
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irradiation of tlie cortical motor impulses or refJexK' tlirou'di 
sensory imjiulses arising in tlie working muscles. Tlie strength 
of the nervous impulses involved in eitlier case will be closely 
correlated to tbe intensity of Avdrk. 

Tlie experiments here presented, in which the voluutarv cor- 
tical innervation of the muscles Avas substituted by the apparatus 
for electrical stimulation show, tliat the regulatory mechanism 
of the circulation Avas still acting in the normal Avay. From these 
experiments it can be concluded, that the regulation of the circu- 
lation during muscular Avork is not brought about by cortical im- 
pulses. It therefore seems justifiable to assume, that the increased 
cardiac output in the steady state of muscular Avork is brought 
about reflexly through sensory impulses from the Avorking muscles. 

The experiments Avith the patient suffering from tabes dor- 
salis shoAA'ed that this patient could reach a steady state of work 
corresponding to an oxygen consumption of 4 to 5 times the 
resting metabolism. This seems • — in connection with the normal 
increase in blood pressure and pulse rate ■ — to indicate, that his 
circulation has been increased corresponding to the intensity of 
Avork. The reflex impulses governing the rate of circulation in 
exercise therefore seem to be conveyed by sensory nerves outside 
those nervous tracts, which are knoAvn to be destroyed in tabes 
dorsalis. 

IITiether the reflex impulses act exclusively upon a circulatory 
centre or Avhether an influence of the adrenals may also be in- 
volved, can not be decided from these experiments. 

In an earlier paper (Asaiussen, Nielsen and With-Pedeesen, 
1943) it has been shown that also the increase in the pulmonary 
ventilation during muscular work most probably is brought about 
by reflex impidses from the working muscles. This together with 
the results of the present experiments indicates a connection 
between the regulations of the circulation and the respiration, 
respectively, in so far as the increase in the cardiac output and 
the pulmonary ventilation during muscular work both seem to 
be governed by reflex impulses from the working muscles. 

Summary. 

In a series of experiments the cardiac output, the blood pressure 
and the pulse rate have been determined during electrically in- 
duced • — and normal voluntary work. The results showed that the 
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circulation was incrcasetl corrcspondinj: to the oxvj^en ciuisump- 
tion indopenrlently of the kind of work iicrfortntnl. I'rom the.'^e 
results it is concluflecl, that the cortical imimlses play no piut- 
in the regulation of the circulation in the steady state of nuiseular 
work. This together \vith other eviflence diseus‘;cd in thi'; paper 
makes it probahio, that the regulation of the circulation during 
muscular work is governed by reflex impulses from tlio working 
muscles. 
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The stretching of an isolated striated muscle in the frog is 
accompanied by increased heat production and oxygen con- 
sumption even if the muscle is rendered inexcitable to electric 
stimulation by potassium treatment (Feng, 1932), The effect 
of stretch was further studied in Hill’s laboratory by Euler 
(1935), who was able to confirm this peculiar phenomenon and also 
found that the effect was reduced after treatment of the muscles 
with acids and certain surface active compounds, and increased 
after treatment with alkali or cocaine. As the mechanism of the 
stretch effects is still obscure, it appeared to be worth while to 
enquire into the accompanying electrical phenomena. 

Einthoven and Eademaker (1916) and Einthoven (1918) 
have recorded variations in the demarcation current as a result of 
stretching the isolated muscle of a frog. The current variations 
observed were attributed by the above-mentioned authors to 
a change in the shape of the muscle when stretched, and a disturb- 
ance in the distribution of current-delivering elements. 

Against this conception it might be objected that similar varia- 
tions of current in the measuring circuit, i. e. muscle, galvano- 
meter, and compensating apparatus connected in series, will 
readily be obtained when an uninjured muscle is stretched. Since 
the recording apparatus of Einthoven is a current measurer, 
variations in the resistance of the muscular tissue between the 
leading-off points would be recorded, in addition to possible 
true voltage changes. 



It. lUUIl.'fTKPT .^NP C. iJ. ?OI!.MITKni,rt\V. 


."CO 

A.« it inignt ho .‘iiiticipateil that rnodorn rocortlitip technique 
would yield different rc^iiUs. the folhnvini: eX{>v''riiueu{8 were 
undertaken in order to study the elect rie.a! phenotucna recordctl 
from flic muscle .surface, when the miiscle is .stretched, with a 
view to finding out to what e.xtenl the.se are affected i)y different 
conditions. 


}Ietliocls. 

E.xpcrinient.s were made on tlie ga.strucnemius and .sartorius musrle.s 
of the frog, whicli wore e.xei.sed witli a ]>twiion of the hone to which 
tiiey arc .attnelied. Tiie bony ]).irt of the preparation was fixed in a 
rnu.'^clo clmmher by a jiin, and the aehilli.s tendon wa.s connected by 
a thre.'ul to an 0 ]itic.al .spring myograjdi. The muscle could l>e .stn-'teiied 
by loading the threatl. Usually ;i weight of 2.0 g was applied. Hiniilar 
experiments were made also on the tibialis anterior mnsrle, in sitti, 
of the rabbit under urethane. 

rotential differonce.s were ted off from the mu.sclc .surface near the 
femoral attuehmont and from the tendon hy means of cotton strips 
snaked in llinger’s .solution and attached to chlorinated silver elec* 
frodes. In this way di.splacement of the electrode.s to the leading-off 
points wn.s avoided. The potentials were Jed to n -J-.stage. directly coupled 
amplifier, whicli operated a tousion hand oscillograph. The mnsoul.ir 
movement.s and tlu^ electrical changes were recorded on jilmtograpliic 
pajier, a.s de.scrihed previously hy Kur.nu and Swank (IHIO). 

if, as i.s usually done, the muscle is conneeted in parallel with the 
grid re.si.slance in the iiquit circuit of the firststage, the varying rcsiptance 
between the leading-off point. s will affect the grid current more or le.s.s 
as the musc'lo is stretched, and a fluctuation in the plates current of 
this valve will he the result. Thus variatioiis in resistance between 
the leading-off points of the miu’clc will ajipear as fluctuations, of vol- 
tage. Hence, the electrodes wore, connected with the. grids of a ]iu;'h- 
pull cou])led first stage, which made it possible to record true potential 
variations only. 

The demarcation ])olcnlials of the re.sting muscle were mc.asurcd 
by me.ins of an electrostatic vacuum tube, voltmeter with pnwtically 
no current (!()-'* m.\) flowing in the measuring circuit. 

Hetween the recordings tlie c.xcised frog muscle was soaked in various 
solutions. Thu.s the ti.ssue was alway.s kept moist, though .suiqiended 
in .air during the recordings. The ability of the muscle to respond to 
direct electric stimulation was nlway.s controlled immediately aftcr- 
wartls. 

Such .stimuli an would cause contraction were avoided. 

Potentinls were led off 1) from intact rnuscle surface, and 2) from 
mu.scle.s with one leading-off jioint (tendon end) injured iiV menns of 
hot Ringer’s solution (hO — C) or by •!() % lactic acid. 
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Fig. 1. Frog’s gastrocnemius. Upper curve: electrogram, lower curve: isechano- 
gram. Time marks: IjoO and J/10 sec. 

a) Intact muscle. 

b) Tendon end injured by 40 Jactid acid. 

c) After soaking in hypotonic Einger’s solution (1 : 20) 15 min. 

d) After soaking in isotonic Singer’s solution 30 min. 

Load 25 g. Calibration 1 mV. 


Results. 

a) Intact muscle (frog’s gastrocnemius and sartorius, rabbit’s 
tibialis anterior): 

Even when the muscle was excessively stretched, only minor 
deviations from the base-line, probably representing either slight 
changes of a small demarcation potential or artifacts remaining 
from changes in resistance between the leading-off points were 
recorded (Eig. la). 
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b) Muscle in jural a! Irr-don an! (flu* ?;ime nut>cK\< a?: losttHi 
above): 

'Wlicii the muscle was* moilerateiy stretched, n clumue iti 
demarcation potentials -was- always ol'served, tlio muscle bellv 
turning negative in relation to the tendon, showing that a cer- 
tain asnount of depolarir,ation takes place. A typical variation 
of this kind (stretch potential) is shown in Fig. I b. The potential 
difference decrens^’s to a minimum ns the, stretching reaches its 
maximum, and then regains its initial value as the muscle is un- 
loaded. 

The extent to which stretch potentials, obtained a.s mentioned 
above, .are affected by various conditions, was investigated iti 
the following experiments. 

e) Strdchhif/ the innscle hij variftiuj loads. With increasing load 
the .st retell potential also increased, proceeding asymptolienlly 
to a maximum. In our experimemts the stretch ]>otentiids did 
not exceed ]() millivolts, whatever the load or type of muHcle. 
The maximum value varied from .species to speeie.s (maximal 
difference .0 mV), but it never comjiensated the ilemarcntion 
potenti.al to xcro. Apart from the more or less longtlioned plateau 
of tlie curve, its .shape bore no relation to the duration of tlie 
stretching. As the muscle wa.s unloaded the demarcation potential 
always regained its original value, .simultaneously. 

d) Dnicrvatrd and ciirorized muscles. Fy division of tlie sciatic 
nerve 7 to 12 day.s before the experiment (frog's gastrocnemius, 
rabbit'.s tibialis anterior), the muscle w.as deprived of its denerva- 
tion a.s tested by indirect .stimulation. No clinngo. of the stretch 
jiotential was observed in the miisele.s examined. Complete 
curarization (frog’s ga.strocncmins) yielded the same results. 

After it liad been established that stretching consistently pro- 
duced a docrcaso in tlie demarcation potential, we studied tlie effect 
of modification.s in the ionic milieu and of certain dnig.s on thi.s 
effect, in order further to elucidate the nature of the potentiiii 
change. 

In the following experiment.s. muscle prejiarntions of frog's 
gastrocnomius were u.scd throughout. The. .soaking solution was 
changed in respect of the content of various cations and anion.s 
and allowed to act for Vr — - hours. Further, the effect of adding 
pharmacologicully active agent.s to the .soaking Kinger's solution 
was .St uf lied. 
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e) Potassium. Isotonic solutions of KCl and KNO3 al'vays 

diminished the lieight of the plateau (Fig. 2 b). After an hour’s 
washing in Finger’s solution, however, a striking change in the 
electrical picture became evident. Thus the stretch was accom- 
panied by a sharp initial _ 

increase in potential dif- : ’ . 

ference (fall in curve),- : . ‘ 

which then gradually re- ■ X \ ' 

turned to a level just be- ; [ y / . \ ■ 

low the equipotential line ■ 

(Fig. 2 c). The normal PA ; . ' 

shape (Fig. 2 a) did not i— — ^ — — — " * ”” — . — : 

return after additional L.- . 

soaking in Finger’s solu- | ■ r'- -r----- 

tion for -2 hours. On 
the other hand, renewed l i- 

treatment with a solution 1 ' 

of potassium chloride res- ; - 

ulted in the reappearance . 

of the original shape (Fig. | 

2 b). • ( ^ ; ■ : . 

f) Sodhnn. Isotonic f —’v, 

NaCl solution was ivith- : ■ ■ ■ . 

* InV 

out any detectable effect. : ] ' 

g) Calcium. Isotonic i ^ 

CaCl., solution caused a - 

decrease in the height of . . 

the plateau of the electro- ^ ^ 

gram, which became nor- 
mal again after the muscle 

had been washed in 2. Frogs gastrocnemius Upper curve: 

, , . electrogram, lower curve: mechanogram. lime 


Fingers solution. marks: 1/50 and 1/10 sec. 

h) Hypotonic solution. a) Normal stretch electrogram. 

4 i-. ,-1 1 1 . 1 b) After soaking in isotonic KCl 30 rain. 

Alter the muscle had c) After washing in Eingers solution 30 min. 

been treated with various Load 25 g. Calibration 1 mY. 

degrees of hypotonic 

Finger’s solutions in decreasing concentrations, a change in 
the stretch potential constantly occurred at a concentration 
of about 1 : 20. During the stretch the electrogram showed an 
initial slight decrease in potential (rise in curve deflection) 
between the leading-off points. This decrease then suddenly 
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cimngcci into an increased potential difference, which rather 
quickly returned to a level above the equipotential lino, and 
finall)^ the muscle being unloaded, reached the original de- 
marcation value (Fig. 1 c). In this case, however, the normal 
shape reappeared after washing in isotonic Finger’s solution 
(Fig. 1 d). 

i) Novocame. When the muscle was immersed in !• — 2 % solu- 
tion of novocaine hydrochloride for half an hour, the stretcli 
potential gradually subsided and finally disappeared. After an 
additional hour’s soaking in Finger’s solution the muscle had 
regained its normal stretch potential. 

k) Adrenaline (1 : 100 000) and atropine (1 : 1 000) did not cause 
any detectable change in the stretch potential, even after one 
hour’s action. 

In all the experiments the changes in the mechanograms and 
electrograms always started from and returned to their base-lines 
simultaneously. 


Discussion. 

For mapping out the distribution of potential on the surface 
of a muscle the ideal method is obAUously one in which changes 
in potential can be measured relative to some unvarying standard. 
A method of this kind, introduced by Cbaib (1928), has presented 
considerable advantages in many respects, as compared with the 
more common one of recording differences in potential between 
two points on the muscle surface. As has been recently pointed 
out by Bishop and Gilson (1937), however, the potential of the 
standard electrode does not actually remain constant under all 
circumstances, e. g, in the case of recording action potentials. 
The surrounding medium, in which the standard electrode is 
fixed, changes its average level potential as a result of ion mobili- 
zation from the inside to the surface of the muscle. This objection 
cannot, however, be advanced in the case of a resting muscle, 
injured or not, but, of course in the case of a muscle being stret- 
ched. 

Hence, in the present experiments, the old method of comparing 
the potentials of two points on the muscle surface was employed. 
It might here be worth mentioning that, as has been clearly 
shown by Samojloff (1899), Craib (1928), Kerber (1933), and 
SuGi (1940), the amount of current flowing per unit of time 
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in tte measuring circuit is modified by tbe quality and quantity 
of tbe medium surrounding tbe muscle. Tbougb in this way tbe 
actual potentials may be changed by tbe environment of tbe 
muscle, tbe sites of origin of positive and negative ions are cer- 
tainly not influenced thereby. In tbe present case, the muscle 
was suspended in air, but in practice its environment consisted 
of a thin layer of conducting medium. Owing to the change in 
the surrounding electrical field imposed by tbe stretching, tbe 
use of a standard electrode, as in tbe case of a contracting muscle, 
appears to be less favourable for recording tbe ensuing potential 
change. For this reason -we placed both electrodes on the surface 
of tbe muscle. 

In all tbe experiments on injured muscle soaked in isotonic 
Ringer’s solution, tbe leading-off point of tbe muscle belly turned 
relatively negative as the muscle was stretched, i. e. the de- 
marcation potential diminished. This must indicate a decrease 
either of the positivity beneath the belly electrode, of the nega- 
ti^dty beneath the tendon end electrode, or both. The first alter- 
native is the most acceptable, as it can be explained on a purely 
mechanical basis. When the muscle is stretched, the demarca- 
tion region will move in the same direction as the pulling force, 
because of the relative rigidity of the injured tendon end as 
compared to the elastic muscle belly. The result will be an in- 
creased distance between the demarcation region and the point 
of the muscle surface beneath the belly electrode, just as if this 
electrode had been moved in a direction away from the demarca- 
tion region. This anticipation of ours was confirmed by experiments 
with a wandering electrode on a resting, injured muscle. The result 
was a decrease in the demarcation potential as the distance 
between the electrodes was increased, as could be expected in 
accordance with the results of SuGi (1940), who has made very 
comprehensive measurements of the distribution of potential 
on the surface of resting, injured muscles. He observed that the 
positivity and negativity of the uninjured and injured surfaces of 
the muscle respectively decreased with increasing distance from 
maximum points near the demarcation region. 

In view of the peculiar change in shape of the normal stretch 
electrogram in our experiments on the effect of various electro- 
lytes and pharmacological agents, where a temporary increase 
in the demarcation potential (polarization) took place, one must 
assume a redistribution of charges in . the uninjured muscular 
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surface during the stretching. The electrograms obtained in these 
cases might be regarded as difference or smmnation curves, in 
■which one component is the normal stretcli potential, and the 
other represents the ion mobilization. 

The depressive action of potassium and calcium salts and of 
novacaine strongly indicates the presence of depolarization pheno- 
mena in the uninjured muscular surface as the muscle is being 
stretched.. Again, after treatment with potassium salts and subse- 
quent washing, or after hyjiotonic Ringer’s solution, a relativ'e 
polarization appears during the stretch, tending to restore the 
original demarcation potential. 

Studying the rates of heat production of the sartorius muscle 
of Rana temporaria after stretching the muscle under various 
conditions, Eulee (1932) found an increase after treating the 
muscle with cocaine hydrochloride. The relation of this effect 
to possible alterations in the permeability of the muscular surface 
or interfaces was implied. It is of interest that novocaine, probably 
for the same reasons, causes alterations in sliape of the stretcli 
electrogram . 


Summary. 

True stretch potentials from the surface of striated injured 
muscle (frog’s gastrocnemius and sartorius, rabbit’s tibialis an- 
terior) have been recorded. 

The cause of the normal stretch potential is partly ascribed 
to a lengthening of the distance between the source of demarca- 
tion E. M. F. and the leading-off point on the uninjured surface 
of the muscle during the stretching. 

Denervation or treatment witlx curare did nob affect the stretch 
potential. 

Potassium and calcium salts, as well as novocaine, were found 
to change the shape of the normal stretch electrogram. It is 
suggested that these changes are caused by depolarization pheno- 
mena in the surface of the uninjured part of the muscle. 

Soaking the muscle in hypotonic Ringer’s solution or washing 
the muscle after potassium treatment caused a reversal in the 
stretch potential (relative polarizatipn). 
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Introduction. 

Great interest has been taken in the renal excretion mechanism 
of various sugars, especially with regard to the filtration-reab- 
sorption theory of the Icidney function. Various sugars — pen- 
toses, hexoses and polysaccharides • — to some extent have been 
classified according to their active reabsorption in the kidney 
tubules. Glucose for instance has been proved to be a typical 
threshold substance. On the other hand, inulin is filtered through 
the glomerular membrane, but is not at all absorbed or excreted 
by the tubules; inulin is now considered to be the substance best 
qualified for the determination of glomerular filtration. Other 
non-metabolized sugars (xylose, sucrose and raffinose) in con- 
tradistinction to inulin are partly reabsorbed by the kidney 
tubules (Richards, Westpadd and Butt (1934) and other in- 
vestigators). 

Little is known about the renal excretion mechanism of fruc- 
tose and galactose, although galactosuria and fructosuria are 
well known clinical findings. Fructose and galactose are selec- 
tively absorbed by the intestinal mucosa; the fructosaemia follow- 
ing the administration of fructose orally is relatively moderate, 
as this hexose is absorbed slowly by the intestinal mucosa, but 
assimilated very intensely by most tissues, especially muscular 
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and liver tissues. On the contrary, galactose, when administered 
orally, will cause a relatively considerable galactosaemia, as a 
result of its rapid intestinal absorption and its low rate of assi- 
milation mainly in the liver and intestinal mucosa. 

The mechanism of the active tubular reabsorption of hexose 
is not yet known. The best known theory of active hexose ab- 
sorption in intestinal mucosa and kidney tubules is the hypo- 
thesis advanced by Ltjndsgaard and Veezar’s collaborators, 
Laszt and Willbrandt in 1933. According to this hypothesis 
the active absorption of hexose depends upon an intermediate 
phosporylation of the hexose during its passage through the 
cells of the kidney tubules and intestinal mucosa respectively. 
The demonstration of an intense phosphorylation of fructose 
and galactose in the intestinal mucosa of living animals argued 
strongly in favour of the phosphorylation theory (Kjerule- 
Jensen, 1942). Phosphorylation of hexoses in ^dtro in kidney 
tubular tissue was demonstrated by Kalckar (1938). The well 
known fact that phlorizin accumulated in kidney tubules is 
capable of blocking the active glucose reabsorption favours the 
assumption of a phosphorylation of hexoses in kidney tissue 
in vivo, for phlorizin may be considered to be a specific inhibitor 
of the function of the adenylic acid system, which is probably 
the main phosphate transporting mechanism of the tissues. 

CoRi (1925) and later investigators have demonstrated the 
different rates of intestinal absorption of various monosaccha- 
rides; in rats the absorption rates found by CoRi, given in per- 
centage of the glucose absorption rate, were: galactose 110, fruc- 
tose 43. 

The present investigation was undertaken for the purpose of 
examining the excretion of fructose and galactose through the 
kidneys. In particular, the reabsorption of these two hexoses in 
the tubules was compared with reabsorption of glucose. As to 
the mechanism of this reabsorption (possibly a phosphorylation), 
investigation should clear up several problems involved in the 
absorption of the carbohydrates. If it can be proved that the 
mechanism of reabsorption for fructose and galactose is suscep- 
tible to poisoning with phlorizin, it would argue that an inter- 
mediate phosphorylation explains the passage of the two hexoses 
through the cells of the tubules. It would also be additional evi- 
dence for the share of this process in the reabsorption of the car- 
bohydrates if it could be proved that the various hexoses compete 

24 — -^32126. Acta pliys. Scandinav. Vol.G. 
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for the factors necessary to phosphorylation, such as the ener- 
getic oxydo-reductive systems and the adenylic-acid system as 
phosphate donors. 


Survey of Experiments. 

1. The demonstration of fructose and galactose as threshold 
substances. 

2. The relation of fructose and galactose reabsorption to the 
quantities filtered. 

3. The dependence of the reabsorptive mechanism of fructose 
and galactose on: 

a) the variation in the output of urine. 

b) poisoning with phlorizin. 

c) the saturation of the hexose-reabsorptive mechanism with 
glucose. 


Methods. 

In the experiments on rabbits, cats and dogs the animals were nar- 
cotized with chloralose, except in some few experiments on rabbits 
and dogs. The fructose and galactose were administered in concentra- 
ted solutions, intravenously, at a constant rate during the experimen- 
tal period. 

Blood samples were taken from the carotid arteries. The urine was 
collected through a catheter placed in the vesica. The experimental 
period proper was preceded by a relatively long period in which the 
sugar was administered in order to obtain constant concentrations 
of hexose and creatinine in blood and urine. Thus the significance 
of the renal “dead space” was minimized. 

Poisoning with phlorizin was established in the large majority of 
the experiments by means of intravenous injection of a solution con- 
taining 5 % phlorizin and 2.5 % NaHCOj. The phlorizin was given in 
doses of 0.2 — 0.3 gr. per kg. body weight. In some other cases phlori- 
zin poisoning was effected by daily intramuscular injections for three 
to five days prior to the experiment; in these cases the phlorizin was 
suspended in oU. 

In the young healthy men experimented upon the hexoses were 
given in some cases orally, in others by constant venous injection 
during several hours. In order to secure a suitable diuresis 0.5 to 1 
litre of water was given orally per hour. 

The blood analyses were all performed on oxalated plasma. 

The glomerular jiliralion rate: 

Determinations in the animal experiments were made with_ the aid 
of creatinine given subcutaneously or intravenously. Creatinine in 
plasma and urine was determined according to Rehberg and Holten 
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(1931). Ill man, inulin. was used as a measure of filtration. The inuliu 
content of plasma and urine was determined after the removal of 
glucose and fructose by adsorption to yeast. The inulin was hydro- 
lized by acid to fructose, which was determined according to Roe 
(1931). 

As the creatinine clearance was used as a measure of glomerular 
filtration in the cat, it was necessary to demonstrate the identity of 
inulin clearance to creatinine clearance in this animal. The ratio be- 
tween inulin clearance and creatinine clearance in three cats is shown 
in fig. 1. The experimental periods included creatinine-plasma con- 
centrations from 3.7 mgm% to 51 mgm%, and plasma-inulin con- 
centrations from 4.G mgm% to 96 mgm%. The diuresis varied from 
0.02 c. c. per minute to 0.7 7 c. c. 
per minute. 

Glucose: In both plasma and 
urine the Hagedorx, Norman 
Jensen method was used. After 
dilution of the urine with equal 
parts of distilled water, alcohol 
10 % and acetic acid 1 %, the 
non-carbohydrate reducing sub- 
stances were removed by adsorp- 
tion to purified carbon, as modified 
after Roe (1934) and Krarup 
(1935). 

Fructoseyvas determined accord- 
ing to Roe (1934) on Soinogp- -n,. , ^ tv j- 

rUfr-o+oo Jr. ,rior.rr,r, r. j I’ Kcktion bctwecn Inuliu and 

filtrates m plasma and on urme Creatine U/P ratio; from experiments. 

alter adsorption with purified on four cats, 

carbon. The intensity of the colour 

developed by fructose and the resorcin reagent was determined by 
means of a Dubosq’ colorimeter. The disturbing colour caused by 
glucose or galactose in the samples was corrected for by using 
fructose solutions with contents of glucose or galactose equal to 
those of the plasma and urine samples. By this procedure the 
fructose content was determined with sufficient accuracy (the error 
was found not to exceed ± 2 %). 

Galactose: The determinations were carried out by means of the 
Blagedorn, Norman Jensen method after glucose and fructose had 
been removed from the plasma filtrates by adsorption to Ihdng yeast 
according to Larsen an'd Sveinsson (1940). 

In determinations of the galactose content in urine the non fer- 
mentable reducing substances (including creatinine) except galactose 
were removed by adsorption to purified carbon. Then the fermentable 
sugars, glucose and fructose, were adsorbed to living yeast and 
the galactose concentration determined by Hagedorn, Norman 
Jensen. 

In plasma samples containing fructose, galactose, creatinine and 
glucose the three former substances were determined separately; the 





A- QAMMELTOFT AND K. KJERULP- JENSEN. 

glucose content -was calculated as the difference between total reduc- 
tion and the reducing power of the three former substances. 

The determination of galactose in plasma and urine is more inaccu- 
rate than that of fructose or glucose; the results obtained from deter- 
minations on solutions with known amounts of galactose varied rh 5 % 
from the real values. ° 

In the experiments on man samples of venous blood were used. 
As fructose is assimilated by the tissues it was necessary to ascertain 
that the arterio-venous difference of this monosaccharide is of no sig- 
nificance in these experiments. 

The figures from experiments on 10 persons are given below in 
Table I. Samples of arterial blood were obtained by puncture of the 
brachial artery. 

Table I. 

Simultaneous Fructose Concentrations t/i Arterial and 
Venous Plasma Samples. 


Artery 
mgm. per 

100 c. c. 

Vein 

mgm. per 

100 c. c. 

Difference 
A— V 

2.5 

2.7 

— 0.2 

3.4 

3.2 

-1-0.2 

5.7 

4.7 

-j- 1*0 

8.2 

7.9 

+ 0.3 

8.3 

7.1 

-i-1.2 

10.8 

10.0 

-bO.8 

13.4 

12.5 

+ 0.9 

14.1 

13.6 

+ 0.5 

21.7 

20.1 

-f- 1.0 

34.3 

32.2 

+ 2.1 


1. Fructose and Galactose as Tliresliold Substances. 

The classical threshold substance is glucose. Glucose may be 
excreted with an U/P ratio below 1 and therefore must be ab- 
sorbed by the tubular cells by an active mechanism. In glucose 
the reabsorptive mechanism is very efficient, and relatively high 
plasma concentrations of glucose may be maintained without 
any appreciable elimination in the urine. The demonstration of 
an XJ/P ratio of fructose and galactose below unity is taken as a 
sufficient criterion of their character as threshold substances. 

Former experiments on the renal elimination of fructose and 
galactose have not brought out any evidence for these mono- 
saccharides as threshold substances. From various experiments 
on fructose elimination by De Lucia and Claae (1931), Sxek- 
kin and Wengerowa (1934), and Fiszed and Wierzuchowbki 
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PLASMA FRUCTOSE 
MGM. PER CENT. 


Fig. 2. Eelation between urine and 
plasma concentrations of fructose from 
e.’cperiments on 18 persons. The oblique 
line indicates an tj/P ratio equal to 1. 



PLASMA GALACTOSE 
MGM. PER CENT. 

Fig. 3. Eelation between urine and 
plasma coneentrations of galactose from 
experiments on 2 persons. The oblique 
line indicates an U/P ratio equal to 1. 
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PLASMA FRUCTOSE MGM. PER CENT. 


Fig. 4. Eolation between urine and plasma concentrations of fructose in rabbit, 
cat and dog. The oblique line indicates an XJ/P ratio equal to 1. 
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PLMMA galactose MGM. PER CEfif. 

Fig. Ci. Relation between urine and plasma concentrations of galactose in rabbit 
and cat. Tlie obliq[ue line indicates an U/P ratio equal to 1. 

(1935) and on galactose elimination by Harding and Grant 
(1933), ' Chandler and Eowe (1924), Sekuracki and Wier- 
zucHOWSKi (1935) and Nissen (1937) it may be concluded that 
the threshold, if it exists at all, must be very low. 

In our experiments it is demonstrated that in the human Idd- 
ney fructose and galactose are eliminated vuth U/P ratios below 
1 at plasma concentrations below 15 mg% (figs. 2 and 3). In 
rabbits, cats and dogs we were unable to demonstrate an U/P 
ratio definitely below 1 (figs. 4 and 5). Prom the following ex- 
periments, however, it is justifiable to assume that the renal 
reabsorption of fructose and galactose in these animals depends 
nevertheless on an active mechanism. 


2. The Belation of Fructose nnd Galactose Keabsorption 
to the Amounts Filtered. 

In order to find the ratios of the amounts of fructose and ga- 
lactose reabsorbed to those filtered we determined the renal ex- 
cretion at various plasma concentrations and at glomerular fil- 
tration rates as constant as possible. The results are given in 
figs. 6, 7 and 8, in which the amounts filtrered and reabsorbed 
per minute are plotted out in a coordinate system. In all the 
animals and persons experimented upon the amounts of reab- 
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A 


^20 



10 20 30 MGM/MIN. 10 20 30 MGM/MIN. 

Fig. G. Relation bettveen the amounts of fructose filtered (abscissa) and the 
amounts reabsorbed (ordinate). A. in the rabbit 

B. in the cat. 




Fig. 7. Cat. Relation between the amounts of galactose filtered (abscissa) and 
the amounts reabsorbed (ordinate), 

A a 



Fig. 8. Man. A. Relation between the amounts of fructose filtered (abscissa) 
and the amounts reabsorbed (ordinate). 

B. Relation between the amounts of galactose filtered (abscissa) 
and the amounts rciibsorbed (ordinate). 

sorbed monosaccharide were found to increase in proportion to 
the amounts filtered. At excessively high filtration rates, how- 
ever, the rate of reabsorption of all the monosaccharides mention- 
ed while stiU increasing did so at a reduced rate. When in experi- 
ments on two rabbits the plasma concentrations of fructose were 
increased to 700, 1,000 and 1,500 mgm% the reabsorption of 
fructose was not increased beyond the values obtained at about 
700 mgm%. 
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rig. 9. Cat. Relation between the amounts of glucose filtered (abscissa) and the 
amounts reabsorbed (ordinate). 

In their interesting experiments on dogs Shannon and Fisher 
(1938) found an unchanged reabsorption when the glucose con- 
centration in the filtrate was altered; the maximal amount of 
glucose reabsorbed was constant at various plasma concentra- 
tions high enough to yield a frank glucosuria. Ni and Rehberg 
(1930), on the other hand, hold the view that reabsorption is 
increased with increasing plasma concentration, the reabsorbed 
quantity being dependent on the difference in concentration 
between plasma and tubular fluid. 


3. The Effect of Increased Diuresis, Phlorizin Poisoning 
and Saturation of the GIucose-Ahsorptire Mechanism 
on the Eeahsorption of Fructose and Galactose. 

In order to find out to what extent the reabsorption is due to 
an active process the following investigations were made; 


a) Beabsorption under Variations in Diuresis. 

Fructose and galactose being hexoses, it is assumable that, 
as glucose is absorbed actively, diffusion through the tubular 
cells is doubtful. As in the case of the typical threshold substance 
glucose, it was possible to demonstrate that fructose reabsorp- 
tion is fairly independent of variations in the water excretion. 
This appears from experiments on a cat, a rabbit and a dog, 
in which fructose was administered at the same time as the diu- 
resis was increased by intravenous injection of sodium sulphate. 
Only when the diuresis is increased so much that the U/P ratio 
for creatinine approaches 1 is there a reduction of the fructose 
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realjsorption whereby the fructose/creatinine ratio approaches the 
value of 1 (fig. 10). Under these conditions, however, there is also 
a marlced decrease of the glucose reabsorption. Urea, which is 
regarded as a typical non-threshold substance, will on the other 
hand, with a falling creatinine U/P ratio show an increasing 
urea/creatinine clearance ratio already at much higher U/P 
creatinine ratios. 

Again under these conditions the three hexoses reveal no great 
dilferences in their individual reabsorption. 



1 2 5 10 20 50 100 200 

CREATININE U/P RATIO 


Kg. 10. The dependence of fructose reabsorption of variations in the water out- 
put. Experiments on dog (x), cat (•) and rabbit (A) under sulphate diuresis 

b) Eeabsorption under Phlorizin Poisoning. 

The demonstration that the reabsorption of fructose and 
galactose is sensitive to poisoning of the tubular cells by phlorizin 
would indicate that the reabsorption of these substances is brought 
about by chemical processes similar to those governing the ac- 
tive reabsorption of glucose. 

Inhibition of fructose reabsorption by phlorizin was clearly 
demonstrable in rabbits and dogs in both acute and chronic 
poisoning (Table II and Pig. 11). The inhibition of the fructose 
reabsorption is reflected in the increase of the fructose/creatinine 
clearance ratio. On the other hand, this was not definitely de- 
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monstrated in tie cat. Possibly this may be due to tie fact that 
tie plasma concentration of fructose increases distinctly after 
tie application of acute pblorizin poisoning, and this makes the 
comparison between the periods prior to and after the poisoning 
difficult. 

Tabic U. 


Influence of Phlorizin upon Penal Excretion of Fructose 
in the Babbit, Cat and Dog. 
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Fig. 11. Fructose reabsorption before (0) and after (O) poisoning with plilori- 
zin. Experiments on S rabbits. 


Ta))le III. 


Influence of Phlorizin upon Penal Excretion of Galactose 
in the Rabbit, Cat and Dog. 
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Tte reabsorption of galactose was inhibited by both acute and 
chronic poisoning of the tubular cells of rabbits, cats and dogs. 
(Tab. III). It appears from all the experiments that total inhi- 
bition of glucose reabsorption was not induced, even in the case 
of chronic poisoning with phlorizin by daily injections over a 
period of six days. This may perhaps also explain the uncertain 
result obtained in the experiments with cats (Table II). 

As regards the three hexoses the mechanism of reabsorption 
is sensitive to phlorizin poisoning. The degree of sensitivity 
differs for each of the three hexoses. 


c) Reabsorption during Saturation of the Hexose-Reabsorptive 
Mechanism with Glucose. 

Active absorption must be assumed to have a certain limited 
capacity, wherefore it ought to be possible to test the specificity 
of the reabsorption mechanism to the various monosaccharides 
by determining the reabsorption of one monosaccharide before 
and after saturation of the absorption mechanism vdth another. 

Results from an experiment of this kind are given in Table 
IV. Attempts to saturate the absorption mechanism with glu- 
cose (by increasing the plasma-glucose concentration) led to a 
distinct reduction of the reabsorption of both fructose and ga- 
lactose in cats. In man, too, there was a reduction of the reab- 
sorption of fructose after an increase of the plasma-glucose con- 
centration. On the other hand, no such demonstration was pos- 
sible with the rabbit. 

Total saturation of the reabsorption mechanism was not achie- 
ved. As is shown in Fig, 9 the reabsorption of glucose increased 
steadily with augmenting quantities of glucose filtered. This 
may probably explain the negative result with the rabbit. 

These results show that the mechanism of reabsorption for 
the three hexoses, glucose, fructose and galactose, has certain 
factors in common, whereby the reabsorption of one hexose 
may under certain circumstances be affected by a simultaneous 
reabsorption of another. 
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Table IV. 


Influence of Increased Glucose Beabsorpiion upon Tubular Reabsorpiion 
of Fructose and Galactose in the Cat and upon Beahsorption 
of Fructose in Man. 
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Discussion. 

It has been demonstrated beyond doubt that the hexoses, 
fructose and galactose, are like glucose reabsorbed actively in 
the kidneys. On the other hand it has been more difficult to de- 
cide whether there is a common mechanism of reabsorption for 
the three hexoses. The differences in the threshold values of the 
three hexoses suggests very definitely that the reabsorbing cells 
in the tubules are capable of distinguishing between these mo- 
nosaccharides. If we assume that an intermediate phosphoryla- 
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tion and dephosphoryktion of the hexose molecule itself is ne- 
cessary to reabsorption the explanation of this power of the tu- 
bulus cells may be that there is a specific phosphorvlating and 
dephosphorylating enzymic system for each single monosaccha- 
ride. In this manner the various threshold values in the kidneys 
for the three hexoses may well be ascribed to different activities 
(concentrations) of the specific enzymes. 

However, the results given in the present paper indicate at 
the same time a certain inter-relation between the reabsorp- 
tion of the various hexoses. This mutual dependence might be 
explained by its being the same energy process on which the 
phosphorylation of all three hexoses depends. 

The difference in the reabsorption of the three hexoses in the 
tubules, which as already stated is presumably associated with 
the specific phosphorylating and dephosphorylating enzymic 
systems, may lie either in the initial phosphorylation or in the 
concluding dephosphorylation. Whereas the phosphorylation of 
the three hexoses consists of a conversion of. each hexose into 
the corresponding phosphoric acid ester, dephosphorylation may 
proceed partly as a direct breaking down of the hexose phos- 
phoric acid to the corresponding hexose, and partly as conver- 
sion of the phosphate esters of fructose and galactose to glucose- 
phosphoric acid, which is thereafter dephosphorylated to glu- 
cose. It is possible that such a conversion of fructose and galac- 
tose governs the difference between the reabsorption of these 
hexoses and glucose. A conversion of this kind has been demon- 
strated for fructose. However, it would seem unreasonable to 
assume that all the reabsorbed fructose and galactose should be 
converted into glucose by the passage through the tubules. Fruc- 
tose can be phosphorylated both in carbon-atom Ho. 6 as in 
carbon-atom No, 1. The 6-ester may be converted into glucose- 
6-phosphoric acid and dephosphorylated to glucose, whereas the 
1-ester is dephosphorylated direct to fructose. The fact is that 
fructose- 1-phosphoric acid is not affected by the phosphohexo- 
mutase demonstrated by Lohmann, which governs the conver- 
sion of fructose-6-phosphoric acid into glucose-6-phosphoric acid. 
There may be a similar two-way dephosphorylation of galactose. 

Poisoning with phlorizin has proved to attack the reabsorp- 
tion of all three hexoses. This phlorizin inhibition must therefore 
interfere with a common link of the reabsorption mechanism of 
the hexoses. The common link — on the assumption that the 
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phosphorylation theory is correct — must be either the energy 
processes that actuate the phosphorylation, or the transfer of 
phosphate that takes place by means of the common pho.sphate 
donator (see schema), the adenylic acid system. 

glue ose — vglucosephosplior ic a — »■ glue ose 

' A X 

i I 

fructose — >■ fructosephosphoric a--fructose 
galactose->-galactosephosphoric a->galactose 

(phlorizin) 

However, phlorizin does not primarily affect the oxydative 
processes in the organism. The sensiti\dty of the reabsorption 
of the three hexoses to phlorizin may depend on an inhibition of 
the phosphate transfer through the adenylic acid system. 

In experiments to saturate the reabsorptiou mechanism with 
glucose it was demonstrable with some measure of certainty that 
when several hexoses are reabsorbed simultaneously there is a 
mutual competition between them. After the above schema 
this competition may be regarded as a rivalry to act as phos- 
phate acceptor to the common phosphate donator, the adeno- 
.sinetriphosphoric acid. It would seem rather improbable that 
the reabsorption of one hexose should be completely blocked by 
the full saturation of the reabsorption mechanism with another. 
Shannon (1938) claimed to have demonstrated this for xylose, 
the reabsorjition of which was completely inhibited by increasing 
the filtered amount of glucose to glucosuria. This finding is dif- 
ficult to reconcile with the hypothesis outlined above. 

Summary. 

Fructose and galactose were demonstrated to be threshold 
substances, by which is meant that they are both reabsorbed 
actively by the renal tubular cells. 

A kidney threshold for fructose and galactose was demon- 
strated for man only (U/P ratio below 1). 

The U/P ratio for fructose and galactose, which at plasma con- 
centrations between 15 and 20 mgm. per cent, did not exceed 1, 
rose very steeply at plasma concentrations above these values. 

In rabbits, cats and dogs the active reabsorption of fructose 
and galactose was demonstrated by: 


energetic 

oxydo- 

reductive 

processes 


adenylic 


acid svstem 
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1. the indepence of fructose xeabsorption of variations in the 
excretion of water. 

2. the sensitivity of the mechanism of reabsorption to poison- 
ing of the tubular cells with phlorizin. 

3. experiments in saturating the mechanism of reabsorption 
for glucose (hyperglycaemia), which reduced the reabsorption of 
simultaneously filtered fructose and galactose (cat, man). 

The reabsorption of fructose and galactose was found to in- 
crease in proportion to increasing amounts filtered. In the ex- 
periments on the cat creatinine was employed for filtration de- 
terminations after the identity between creatinine and inulin 
clearances in this animal had been established. 

The results obtained appear to agree with the theory of an 
intermediate phosphorylation and dephosphorylation during the 
reabsorption of glucose, fructose and galactose in the kidneys. 
In regarding the adenylic acid system as a common phosphate 
donator to these three hexdses, the specific Iddney threshold for 
each of the three hexoses is explained by the assumption of spe- 
cific phosphorylating and dephosphorylating enzymic systems for 
each hexose in the cells of the tubules. 
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Introduction. 


The tissue of the central nervous system is composed, broadly 
speaking, of nerve cells, nerve fibres and special connective 
tissue. There is no possibility of reliably preparing these various 
components separately from one another, for the purpose of 
macrochemical analysis. An analysis of the actual cell, in which 
the primary processes of growth and function are carried on, 
has, therefore, not been found practicable with the usual chemical 
methods, except on an extremely limited scale. 

In view of these circumstances, the author has made it his aim 
to study the nucleotide and protein metabolism in individual 
nerve cells with the aid of special cytochemical methods. The 
task to which he thus addressed himself was to examine details 
of about 1 in magnitude in a detached cell, to determine its 
chemical composition and to compute its content of substance. 
The amounts of substance with which we are here concerned lie 
within the order of magnitude of 10~® mg, whilst the lower limit 
for ordinary micro-chemical methods for biological purposes, in 
the most favourable cases, scarcely exceeds 10~® mg. Methods 
which admit of the determination of nucleotides and protein 
substance in cell parts of that magnitude, and which are based 
on the specific absorption of those substances in ultraviolet, 
have, however, been elaborated by the Swedish investigator, 
Caspersson. 

As an important detail in these studies, special attention has 
been devoted to the distribution in the nerve cells of proteins rich 
in hexone bases. That such proteins appear in considerable amounts 
during breaking-down and rebuilding processes in tissues had 
already been made clear by the macro-chemical investigations of 
Miescheb, Kossel and Schenk. Studies by Caspeksson show 
their participation in the formation of proteins in the individual 
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cell. Witli the ahsorption-Bieasurement methods just referred to, 
however, their distribution in the cell can be estimated only 
approximately. With a view to greater precision, the author 
of this paper has devised a method for determining the content 
of free amino-groups in individual cell parts by measuring the 
capacity of those groups for binding dyes. The preliminary results 
of such tests will be reported in the following pages as an item 
in this investigation. 

The first part of this paper deals with the nucleotide and 
protein metabolism during the development of the nerve cell. 
The second is concerned with investigations of adult nerve cells 
as a background for the following studies of metabolism processes 
during different functional conditions. The third treats of the 
nucleotide and protein metabolism in motor and sensory nerve 
cells during states of irritation. The fourth reports certain studies 
of changes in nerve cells after nerve excision and the following 
regeneration. The concluding part contains an account of attempts 
made, on the basis of Purkinje cells, to* apply the results of the 
above specified studies to normal conditions. 



PART L 


CHAPTER I. 

Tlie Protein-forming System in the Cell. 

Possibilities for studying the principal structure-forming sub- 
stance in a cell, namely the nucleic acids and proteins, and for 
obtaining some insight into their metabolism in the individual 
cell have been afforded by the method elaborated by Caspers- 
SON. (See Chapter II, Part I. For particulars regarding the 
methods employed and for the literature of earlier macro- and 
micro-chemical investigations, the reader is referred to the studies 
of Caspersson 1936 — 1940). Investigations with these methods 
on different material have shown that ilie nucleic acids are essoitial 
factors in the reproduction of living material, in the growth of the 
cell and in the formation of cellular protein. 

In cytochemical studies, Caspersson and collaborators (1936 — 
1942) show that the nucleus must he regarded as the principal centre 
for the protein-formation in the cell. In connection with the mitotic 
cell-division, the reproduction of the genes in the nucleus is carried 
on with the aid of ribodesose nucleic acids. TiTien the interphase 
nucleus is developed, protein substances are formed from the gene- 
carrying elements. Also the other proteins contained in the inter- 
phase nucleus are developed during the final stage (the telophase) 
of the cell-division process from the chromatin. In this phase a 
chemical distinction between the two components of the nucleus, 
the euchromatin and the heterochromatin, can be observed. 
The euchromatic gene-carrying chromosome parts in fact produce, 
duriog this stage, proteins with "the absorption character of the 
higher coagulable proteins” (see below), whereas the hetero- 
chromatin produces more simply-built proteins with the absorption 
character of the proteins rich in hexone bases. The heterochro- 
matic chromosome parts do not show a linear structure to the 
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same extent as the euchromatic areas. The nucleolus, which 
appears during the telophase, when the protein-formation in the 
cell is taking place, is characterized by as large a content of pro- 
teins rich in hexone bases as the heterochromatin. It seems probable 
that the major part of the nucleolar material consists of proteins 
produced from the heterochromatin. 

Nucleotides seem also to participate in the formation of pro- 
tein in the cytoplasm, although here they are of a different char- 
acter than those in the genes-carrying elements. They consist in 
fact of ribose nucleotides. 

In a series of tissues from the animal and vegetable kingdom, 
large concentrations of ribose nucleotides could be observed in 
the cytoplasm of rapidly gromng cells. The connection between 
the cytoplasmic nucleotides and protein-formation was shown 
with particular distinctness in various protein-producing gland 
cells (Caspersson, Landstrom-Hyden and Aquilonius 1941). 
Serous gland cells in general are characterized by large concen- 
trations of ribose nucleotides in the cytoplasm. These cytoplasmic 
nucleotides can be shown to constitute the major part of the 
ergastoplasm described in the literature. In the exocrine part 
of the pancreas a functional connection could likewise be shown 
between the content of ribose nucleotides in the gland cells and 
the production of proteins. 

B. Norbebg (1942), with a cytochemical method elaborated 
by him for the determination of nucleic acid phosphorus in 
application to cells, has, in several important respects, confirmed 
the view advanced by Caspersson and collaborators, that the 
production of proteins is carried on with the aid of nucleotides. 
Norbebg found in rapidly growing embryonic tissues and in 
protein-producing glands a high content of nucleic acid phos- 
phorus, as compared with adult tissues and glands producing but 
little protein. These converging results are in good correspondence 
with those obtained with the above-mentioned methods for ab- 
sorption measurement, and show that the content of nucleic acid 
increases in close connection with the increase of protein in the 
cells. 

As shown by the researches above referred to, a feature common 
to the heterochromatin and the nucleolus is that both contain 
large amounts of proteins with the absorption character of pro- 
teins rich in hexone bases. The amount of heterochromatin in 
the chromosome set was found to affect the amount of ribose 
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nucleotides in the cytoplasm of the egg-cells of Drosophila (Schultz 
and Caspersson 1938). In fact, if an extra Y chromosome, which 
in the fruit-fly (Drosophila) is heterochromatic, was introduced 
in the nucleus, the amount of cytoplasmic nucleotides showed 
an increase. These results indicate the possibility of a, connection 



Kg. 1. Diagrammatic view of the cytoplasmic protein -forming system. Chr chro- 
mocenter Nl, nucleolus. The arrows indicate the migration of proteins from the 
heteroohromatin, direct or via the nucleolus, to the nuclear membrane, NM. 
In the vicinity of the latter the formation of cytoplasmic nucleic acid, NA, and 
cytoplasmic protein proceeds. 

between the heterochromatic chromosome elements and the 
cytoplasmic nucleotides. A characteristic feature of all cells 
having large amounts of nucleotides in the cytoplasm, and in 
which a formation of proteins proceeds or has proceeded, is the 
existence of large, ribose-nucleotide nucleoli. This correlation 
between nucleoli, on the one hand, and cytoplasmic nucleo- 
tides, on the other, bears out the theory of a functional connec- 
tion between the protein-forming systems of the nucleus and 
cytoplasm. In sea-urchin eggs the nucleotides in the cytoplasm 
showed the greatest accumulation round the nuclear membrane 
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(Caspersson and Schultz 1941). Prom this fact tlie authors 
inferred that the synthesis of ribose nucleotides was carried on 
in the vicinity of the nuclear membrane. The same phenomenon 
has subsequently been observed in many types of cell. In inten- 
sely functioning gland cells, for example, large concentrations 
of ribose nucleotides are found close to the nuclear membrane, 
especially during those stages when the cell, after a copious 
secretion, is engaged in restoring the content of nucleotides and 
protein substance in the cytoplasm. These various results all 
point in the same direction. 

In connection with a previously reported investigation of 
ganglion cells from certain fishes, the author studied in detail 
the mechanism whereby the ribose nucleotides were formed, 
as also the production of cytoplasmic proteins close to the nuclear 
membrane (Hydrin 1943). See also Chapter I Part II. 

Investigations of this nature, some of the most important 
of which have been briefly mentioned above, seem to have shown 
that the formation of the cytoplasmic protein is effected by the fol- 
lowing mechanism (See the outline drawing in Fig. 1). It is 
primarily induced by the formation of proteins rich in hexone 
bases, derived from the heterochromatic chromocentre area (Chr). 
From the nucleolus (Nl) and the chromocenter the proteins rich 
in hexone bases migrate towards the nuclear membrane (NIM). 
In the vicinity of the latter a formation of ribose nucleotides and 
cytoplasmic proteins proceeds. 



CHAPTER n. 


Materials and Methods. 

Fixation and Micro-dissection. 

The material consisted of both embryonic and adult material 
from the central and peripheral nervous system of various mam- 
mals. In the different parts of this paper the material used for 
each of the experiments is specified. The tissue material was 
fixed (1) in accordance with the freezing-drying method elabor- 
ated by Gersh (1933, 1938), and (2) in Carnoy’s solution. After 
embedding in paraffin, the material was sliced in series in sections 
5 IX thick. The sections intended for absorption measurements 
were treated with chloroform and absolute alcohol, after which 
they were transferred to a pure glycerin bath, where they were 
allowed to lie for 2 hours before the ultraviolet measurement. 
The next foUo'vving section was treated in accordance with the 
usual histological technique, for staining vith toluidine blue — 
erythrosin. For the impregnation of the neurofibrils, the method 
elaborated by Bodian (1936), which renders it possible to im- 
pregnate sbced material, was adopted. 

The sections for absorption measurements were photographed 
iu an ultraviolet microscope according to Kohler at 2570 A, 
and a suitable specimen for measurement was selected. The cells 
picked out for this purpose were those where the section showed 
the central part of the cell, including the bulk of the nucleolus. 
This was controlled on adjacent sections. Unless otherwise stated, 
the photographs reproduced in the following pages are pictures 
of unstained sections, taken with an ultraviolet microscope at 
the wave-length 2570 A. Objectives; monochromates according to 
Kohler and von Rohr, corrected for that wave-length. The 
aperture value shows the numerical value of the objective. Illu- 
mination of the object according to Kohler’s rules. Plates: 
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Agfa standard plates. Developer; Hydroquinone 5 minutes. 
Copied on Agfa Lupex Normal printing paper. 

Previous to the absorption measurement the cell was freed 
on one side from surrounding tissue, in order to produce an ab- 
sorption-iree zone close to the cell during the ultraviolet measure- 
ment. For an example see Fig. 8 a and b. 

The dissection was made with a Zeiss sliding microtome or by 
hand with glass needles. 

Absorption measurements. The absorption measurements in 
ultramolet were made with the apparatus designed by Caspers- 
SON for measuring cell parts within this wave-length range. The 
apparatus and the chemical details are described in studies 
published by that author in 194:1 and 194:2. With these appliances, 
an absorption spectrum of an object down to 1 ^ in magnitude 
can be measured in ultraviolet light. From the absorption spectrum 
thus obtained the content of ultraviolet absorbing substance can 
be computed. 

Within the central ultraviolet range there are two groups of 
cell substances, namely the nucleic acids and the proteins, which 
so dominate the absorption, that, in comparison therewith, the 
absorption of other substances is negligible. The nucleic acids are 
characterized by intense absorption with a dominating band at 
2600 A, which is due to the pyrimidin ring included in the bases 
of the nucleotides. The proteins have an absorption band at a 
somewhat longer wave-length, which is mainly attributable to 
the component amino-acids, tyrosin and tryptophan. 

The higher coagulable proteins have an absorption maximum 
at 2760 — 2800 A. Proteins having an absorption band within 
that range will be grouped in the sequel under the term “proteins 
with the absorption type of the higher coagulable proteins”. 

In the case of proteins rich in hexone bases, the tyrosin absorp- 
tion band, on acid reaction, is shifted somewhat towards the long- 
wave range: this displacement can be reliably determined by 
curve analysis. 

In view of misleading reports in certain publications in the 
English language, it must be strongly emphasized that it is the 
tyrosin, and not the protein, maximum that is first shifted. 
As a consequence of this shifting, the protein absorption 
maximum is likewise shifted towards longer wave-len^hs, but 
in a much lesser degree. The tyrosin absorption maximiim is 
in fact shifted to wave-lengths up to somewhat above 2900 A. 
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The consequent shifting of the protein maximum is quite 
moderate, rarely exceeding 2850 A. 

In short, such shifting of the protein absorption maximum 
as may thus occur is usually so insignificant that rather precise 
methods are required for its determination. However, with the 
photo-electric methods here adopted, in which the measurements 
are precise to within 1 per cent, the accuracy is quite sufficient. 
As the mechanism for the shifting of the absorption band is not 
Known in detail, the facts which serve as a basis for viewing the 
shifting of the maximum as being due to a high content of 
hexone bases wdll be briefly set forth below. 

1) Absorption spectra of certain cell parts, taken between 2600 
and 3000 A, in acid or neutral reaction, cannot, bike those taken 
on alkaline reaction, be shown to be a sum of the tyrosin, tryptophan, 
phenyl alanin and nucleotide absorptions. On the other hand, they 
may be explained by the assumption that in the proteins the tyrosin 
maximum, on acid and neutral reaction, lies towards longer wave- 
lengths than in the free amino-acids imder similar conditions. Such a 
hypothesis would also serve to explain several other observations pre- 
viously reported in the literature. Weighty arguments may in fact 
be adduced for the view that this shifting is due to changes in 
the dissociation conditions of the hydroxyl group, caused by adjacent 
basic ^oups (see loc. cit). A far less probable explanation is that 
the shifting of the absorption maximum of the proteins rich in hexone 
bases is due to the action of the nucleic acids present. This possibility 
cannot forthwith be ruled out, seeing that in all the hitherto investigated 
cases of a shifting of the maximum, nucleic acids had been present. 
It should be noted, however, that the maximum of the higher proteins, 
which are poor in hexone bases, does not seem to be affected at all 
by the presence of nucleic acids. 

2) This shifting of the absorption maximum is observed with particular 
distinctness in embryonic material at stages where earlier macro- 
chemical analyses of amino-acids had throughout shown a particularly 
high content of hexone bases in the proteins (Caspersson and Thorell 
194:1). 

3) The cell areas in which this shifting of the maximum is well- 
marked have in all cases shown a remarkably great affinity for acid 
dyes, which, of course, is a clear indication that these areas are rich 
in basic groups. 

4:) Sample tests with a limited number of different preparations of 
basic proteins (all containing low, but varying, amounts of nucleic 
acids) mth ordinary spectrographic methods, gave results in complete 
conformity with cell observations. 

Seeing that the detailed mechanism for the shifting of the 
absorption maximum has not yet been made clear, and as 



14 


HOLGER 


its effect is rather slight, this phenomenon, in previous studies, 
has been made use of solely in order to ascertain whether a cell 
part is distinguished by particularly large amounts of hesone 
bases or not, and no attempts have been made to obtain quanti- 
tative data from such tests. In view of these circumstances, the 
author has endeavoured to devise a preliminary method for deter- 
mining the amount of basic groups in the cell protein (see Chapter 
II). All the cell material examined in this study has been treated 
in accordance with this method, which is based on an analysis of 
the capacity for binding dyes, in highly acid reaction. In important 
typical cases the intensity of the dye-binding capacity has been 
determined with absorption measurements, but for the most part 
it has been considered sufficient, at any rate for the time being, 
to make merely a \dsual estimate. It should be pointed out at 
once that in all the material studied in accordance with this 
method, high contents of hexone bases have been observed 
when the ultraviolet spectra had indicated a distinct shifting 
of the tyrosin band. This conduced to bear out the view that the 
shifting of the absorption maximum has some causal connection 
with the content of hexone bases. This being so, the question 
regarding the physical mechanism of that shifting seems to be 
of quite subsidiary importance. 

As the protein and nucleotide absorption between 2500 and 
3000 A completely dominates that of the other cell substances, 
an absorption spectrum from a cell detail within this range 
will be made up of the following components; 

1. The nucleotide absorption band at 2600 A, due to the 
pyrimidin ring, and their non-selective absorption, which in- 
creases as the wave-lengths fall. 

2. Proteins •which have a trytophan band at 2750 A and a 
tyrosin band at 2750 — 2950 A. Above 2600 A, other amino- 
acids have a faint absorption of non-selective character, w'hich 
below 2500 rapidly increases. 

3. A general non-selective absorption, due to the light scatter- 
ing in the preparation, and which, approximately, is in inverse 
proportion to the fourth power of the wave-length. Its height is 
determined chiefly by the manner in wliich the preparation is 
fixed. Above 2600 A this absorption as a rule is but little marked. 
In most of the measurements reported here, chief importance 
has been attached to the comparative determinations and, as 
the serial measurements have not been extended much beyond 
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Kg. 2. Outline of construction of apparatus for taking absorption measurements 
in ultraviolet light of cell parts in microscopic sections. A. Water-cooled high- 
pressure mercury lamp, B. tungsten lamp, C. monochromator, D. exit slit, E. 
auxiliary lens, P. total-reflecting prism, G. semi-transparent plate, H. condenser, 
I. object, K. objective, L. ocular system, M. movable prism, N. rotating sector 
adjustable vrith great precision rvhile rotating, 0. centering device, E. photocell, 
S, T and U. main coupling for string electrometer, V. auxiliary photocell rvliioh, 
■with the aid of 6, serves to correct variations in the source of light, P. rotating 

spark gap. 

The measurement procedmo is, broadly, as follows. The object I is illuminated 
with monochromatic ultraviolet light from A or P. Through the quartz system K, 
L. M, the picture is thrown on E, whereupon the electrometer makes a deflection. 
The object is the removed by means of a special apparatus, after which the amount 
of light falling on E is reduced by means of N until the electrometer gives the 
same reading as before. The loss of light in N is then the same as in the object. 

The procedure is repeated in any desired number of wave-lengths, 

(After Caspersson). 


3000 A, an. exact analysis has not been practicable. In such 
cases the assumption has been made that the loss of light at 3000 
A is due in equal measure to simple light reflection and to Ray- 
leigh’s light scattering, and the losses of light belo-^v 3000 A 
have been estimated on this basis. 

It is, in short, possible, from the absorption curve of a cell 
part, to determine the occurrence and content of nucleotides, 
tyrosin and tryptophan, as well as to estimate -whether the tyrosin 
proteins, broadly speaking, are highly basic or not. 

Among the other substances which contain pyrimidin groups, 
and which may conceivably occur in nerve cells and thus contribute 
to the absorption roundabout 2600 A, vitamin Bi and cocar- 
boxylas, as well as oligonucleotides containing adenine, appear 
to be the most important. The preparation of the tissue sections 
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for ultraviolet absorption measurement is, however, of such a 
nature that the major part of those substances is boimd to be 
(hssolved. Moreover, the macro-chemical investigations of nerve 
tissue show such low contents of these substances that they 
could not accoimt for more than a minor amount of the total 
absorption, even on the assumption of a distribution in the nerve 
tissue in favour of the nerve cell. 

For convenience in comparing the data imder discussion, the 
amounts of tyrosin and tryptophan obtained in the absorption 
measurements have in some cases been reckoned on the basis 
of a protein of “standard type”. As tlie content of tyrosin and 
tryptophan in most of the cell proteins analyzed was found to 
range between 4 and 8 and 1 to 2 per cent, respectively, an average 
content of 5 per cent tyrosin and 1.5 tryptophan has been adopted. 
In the sequel, protein of such composition will be termed “standard 
protein”.! 

The construction of the apparatus and the procedure for taking 
an absorption spectrum of a cell detail is indicated by Fig. 2. 
Figs. 3 a and b show outline views of the measuring apparatus 
(For details sec Caspersson 1940). The order of magnitude of 
the minutest object measurable in accordance with this method 
is about 1 ii. 

Importance of Fixation for the Absorption 
Measurements. 

The selection of fixing agents was found to be of particularly 
great importance in the investigations in accordance with the 
above indicated methods of procedure. As already pointed out, 
material fixed in accordance with Altmann-Gersh’s freezing- 
drying method was used for the major part of the absorption 
measurements in ultraviolet light. Carnoy-fixed and formalin- 
fixed material was also employed. As the agents thus used for 
the fixing of this material have such a marked tendency to 
precipitate protein, a very high standard must be set up for 
the results of the fixing, seeing that shrinkage will cornpletely 
distort the determinations of the total amount of protein. 

> The Bymbol £ will bo used in the sequel to denote the decadio extinction 
coefficient, where e^logi, lo denoting the incident light and I, the trans. 

mitted h'ght. 
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Fig. 3 a. 


Fig. 3, a and b. Main set of instruments 
for taking absorption measurements of 
cell parts. From the n-ater-cooled high- 
pressure mercury lamp (A), through the 
monochromator (C), an object placed on 
the stage-plate in the microscope (B) is 
illuminated with monochromatic idtra- 
violet light. To this stage is attached a 
shifting device (D), with the aid of which 
shiftings of the object, reproducible to 
0.1 [i, can be effected. Through a set 
of microscopic lenses, made of molten 
quartz, a greatly magnified picture of the 
object, with the aid of a total-reflecting 
quartz prism (E), through the rotating 
sector (N), adjustable while in operation, 
is thrown on the photo-cells (R), which 
are enclosed in the metal box, shown to 
the left of the Fig. 3 b. The strength of 
the photo-current thereby produced is 
dependent on the light-absorption of the 
object. The current is measured ndth the 
string electrometer (S) in the metal box, 
and from its value one reckons the 
absorption. 
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Fig. 3 b. 
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As above indicated, the absorption values obtained in the 
measurements are determined not only by the true absorption 
of light in the object, but also by diffuse reflection and scattering 
of light in its inner boundary surfaces. As regards the nerve- 
cell material employed, these latter factors could be eliminated 
by the adoption of Altmann-Gersh’s freezing-drying method.’- 
Otherwise, owing to ‘the large content of water in the nerve 
tissues, this was not found possible. 

The magnitude at different wave-lengths of the loss of light 
due to reflection and scattering can be extrapolated with the aid 
of absorption values between 3000 and 3500 1. In fact, Avithin 
this range, the absorption is caused, practically speaking, by those 
factors only. In protein objects, homogeneous in the microscope, 
the curve follows rather closely the fourth power of the inverted 
value of the wave-length, i. e. Rayleigh's formula. When the dis- 
parities Within the measurement range are greater and begin to 
be noticeable in the microscope, and thus can no longer be re- 
garded as of minor account compared with the wave-length, this 
statement is no longer strictly applicable. In regard to the limits 
see Caspeesson (1932 — 33). The extreme case of infinitely large 
particles compared with the wave-length wmuld give losses by 
reflection, which would increase but slowly as the wave-length 
diminishes, following the rising value of the index of refraction. 

For the localization of a light-absorbing substance in a cell 
structure, the observation of its characteristic absorption band will 
suffice. Losses of light by reflection and scattering will then 
be of no account, seeing that the possibility of their “covering” 
any absorption maxima or of giving rise to “false” maxima is 
exceedingly small. 

Ultraviolet microscopy of spinal ganglion cells cut in series 
and anterior horn cells shows that the aggregations of sub- 
stance in the cytoplasm which absorb at 2570 A lie uniformly 
scattered throughout the ceil, except for the outermost zone in 
spinal ganglion cells. Every “measuring” ray will pass several 
of these accumulations of substance. The coefficient of extinction 
will thus be determined by the amount of absorbing substance 
which the ray passes, and will not be affected by its distribution 
along the path of the ray. . 

In the case, of a very large number of the curves shown m the 
Figures, double measurements were taken. The divergences were 

1 In tlie sequel termed Gcrsh’s freezing-drying metliod. 
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then, found to be quite small, compared with the magnitude of 
the effects which were to be observed. Unless otherwise stated, 
the recorded absorption spectra are from material fixed in accord- 
ance with Gersh’s freezing-drying method. 

The factors noted above explain why the ultraviolet picture 
of a ganglion cell fixed in accordance with Gersh’s method is 
eutirely different from that of a cell fixed by an agent — such 
as Carnoy’s solution — which violently precipitates protein. The 
cytoplasm in a ganglion cell, for example, contains larger or 
smaller aggregations of a substance absorbing at 2600 A, which, 
when a frozen-dried cell is photographed at 2570 A, are brought 
out on the plate as diffuse dark masses. (See Fig. 20.) In a Garnoy- 
fixed cell, on the other hand, these masses come out as more 
sharply defined and more deeply absorbing areas. (See Fig. 27.) 


Localization of Bibose and Ribodesose 
Nucleic Acids. 

As previously indicated, with respect to the component carbo- 
hydrate, a sharp distinction has been made between ribose and 
ribodesose nucleic acids. In order to determine the distribution 
of the two types of nucleic acids in the cells, absorption spectra 
were first taken in ultraviolet light, whereby the distribution 
of nucleotides could be ascertained. Afterwards the Feulgen 
reaction, which shows the presence of ribodesose nucleotides, was 
performed on the same section. (For review of the literature on the 
Feulgen reaction, see Milovidow 1936). In some cases adjacent 
sections, 5 fi thick, were used for the Feulgen reaction. As the 
nerve cells in question averaged 60 [x in length and 50 fx in 
breadth, this section contained similar structures. If the absorp- 
tion measurements show large concentrations of nucleotides which 
do not react positively to the Feulgen test, this indicates that 
the nucleotides are of the ribose type. 


Micro-incineration. 

Of the group of substances, base-pentose-phosphoric acid, 
which together compose a nucleotide, the two first-mentioned 
can be localized in cell material by the above described method. 
A pyrimidin or purin ring in the component bases results in an 
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absorption band at 2600 A. Among the carbohydrates present, 
nbodesose gives a positive Feulgen reaction. The distribution of 
cibose nucleotides is obtained by a combined test, consisting 
fir tly of absorption measurement in ultraviolet light and secondly 
of the Feulgen reaction. Possibilities for a rough estimate of the 
di tribution in the cell also of the remaining group in the nucleic- 
acid molecule are afforded by micro-incineration. The procedine 
was elaborated by Policard and Scott. In regard to the literature 
see A. Engstrom (1943). As the content of phosphoric acid in 
the nucleic acid amounts to 25 per cent, cell parts rich in nucleic 
acid may be expected to yield a particularly large residue of ash 
in micro-incineration, as compared with other parts of the cell. 
Blicro-incineration was performed at 500° on the section which 
had been previously used for ultraviolet absorption measurement. 
In some cases, however, the adjacent section was used, instead. 


Determination of Capacity for Binding Dyes. 

Many attempts have been made to draw conclusions from the 
results of the histological staining methods in regard to the 
chemical composition of, and the rebuilding processes in, cells. 
A copious literature on this subject shows the unreliability of 
those staining methods. See, for example, Molrendorff 
(1927), Lison (1937) and Pies (1938). Mollendorff, who has 
dealt very throroughly with these problems, contends that no 
conclusions whatsoever in regard to the chemical composition 
can, in general, be drawn from the histological staining. The 
sole exception, he maintains, consists of a "Niederschhgsfarbioig”, 
occurring in certain cases, which is obtained Avith basic dyes and 
is due to the precipitation of the acid nucleic-acid colloid by the 
penetrating dye. Molrendorff does not go further than this conces- 
sion, and declares his aucav that histological staining merely 
enlightens us regarding the density of the structure and, in cer- 
tain cases, as to the way in which it is charged. 

E. HAMMARSTEra (1924) showed that the nucleoproteids had 
the character of a salt between nucleic acids and protein. 
Proceeding from this observation, E. and 6. Ham.marstek 
and T. Teorell (1928) studied the reaction between dyes 
and known nucleic-acid-protein compounds under uniform and 
reproducible conditions. The results of this investigation 
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showed, inter alia, that very minute amounts of protein comr. 
pletely “masked” the nucleic acid in the staining tests, whence 
the salts were precipitated as protein substance. These tests 
further indicate the general lack of specificity in the staining. 

In special cases, however, the conditions appear to be more 
favourable. We can find in the literature a series of chemical 
researches which seem to show that the reaction between cer- 
tain dyes and proteins in particular circumstances proceeds under 
stechiometric conditions. Chapman, Greenberg and Schmidt 
(1927) determined the capacity of different protein solutions 
for binding acid dyes, by titration in intensely acid reaction. 
They found that, irrespective of the kind of dye employed, the 
amount of bound dye, within the error limits of the method, 
was equivalent to the content of free basic groups, which for the 
proteins, with but a slight error, may be considered to be tant- 
amount to the sum of the free basic groups in arginin, histidin 
and lysin. Studies by Hewitt (1927), Rakusin (1928) and 
Stearn (1931) have yielded broadly corresponding results. 

These researches show, in short, that in sample tests the binding 
of acid dyes by proteins, in certain circumstances, is chemical 
and takes place under stechiometric conditions. As this seemed 
to afford a possibility for estimating the content of hexone bases 
in proteins even in sections, the author considered it desirable 
to make such dye-binding tests under uniform conditions. 


1. Preliminary Tests for Determining the Capacity 
for Binding Acid Dye Groups in Cell Details. 

Sections of nerve-cell material, 5 fx thick, were stained with 
a dye which was soluble at ph 1 and which, on the precipitation 
of protein, could be boimd without decolorization. Two of such 
dyes are ponceau RR and cyananthrol RBX. (IGEFA.) The last- 
mentioned dye was used for absorption measurements, whilst 
ponceau was employed only for visual estimates. See below. 

Some of the dye is always bound in the cell structures by 
adsorption, thus increasing the amount of stain taken on. This 
adsorption of the dye increases with the duration of the staining. 
In order to eliminate this factor, tests were made with surface- 
tension reducing agents in different concentrations, with a view 
to determining the point at which the staining had reached 
a constant level. For this purpose duponol (Dupont) in n/10 
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HCl was einplojed. In order to determine this concentration 
alter the elimination of stain bound by adsorption, a material 
m which ]t was possible to compute the amount of free amino- 
groups was selected. The material adopted to this end consisted 
of erythocytes, for the reason that they are found in every tissue 
section, that their cross section is easily computed, and that 
their composition is well-known and adapted for such tests. 
Grlobin is in fact a histon-like protein (Schultz 1898, 0. Ham- 
siARSTEN 1922), with a high content of liexone bases, and con- 
stitutes over 95 per cent of the total protein in the erythrocytes. 
All the dye-binding tests reported in this study were made on 
rabbits. The content of basic amino-acids in the rabbit hemoglobin 
was determined in accordance with tlie micro-method elaborated 
by H . Thborbll and A. Akesson (1941). lleckoned for globin, 
the following results were obtained. (For purpose of comparison, 
the results of analyses of dog and horse hemoglobin, reckoned as 
globin is appended. After Keilin and Hartree 1937). 

In globin from 
rabbit bemoglobin 

Percentage arginin .... 3. 33 % 
histidin . . . 8.87 % 
lysin — 

The direct determination of lysin is not possible with the 
micro-method employed; but, as other values, within the error 
limits of the method, correspond well with those obtained on 
horses and dogs, a percentage of 8.64 lias been adopted also for 
rabbits. 

Beckoned according to the free amino-groups in the basic 
amino-acids in globin, each individual erythrocyte in a rabbit 
with an average of 5,350,000 erythrocytes per mm= and 12 g 
Hb per 100 cc of blood (average values for rabbits according to 
Klieneberger 1927) would bind 13. 7. I0-« g of cyananthrol. 

Staining series were arranged with different concentrations of 
the surface-tension reducing agent and cyananthrol, both of 
which were dissolved in n/10 HCh The erythrocytes were measured 
photo-electrically and the amount of dye bound was computed. 
It -ems found that the most suitable concentration of the surface- 
tension reducing agents was about 0.1 per cent, that of the cyan- 
anthrol about 0.1 per cent. The approximately suitable stammg 


In globin from horse and 
dog hemoglobin acc. 
to Kuilin 

3.71 % 

8.45 % 

8.64 % 
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■was obtained by this procedure after G hours and showed no 
change on prolongation. For the absorption measurements the 
duration of the staining was fixed at 12 hours. 

The absorption measurements were made with the apparatus 
pre-viously described. As a source of light a high-pressure mercury 
lamp was employed. For the measurements potassium-caesium 
photocells were used. The measurements for the sections stained 
with cyananthrol were taken at 5750 A. Optics; Zeiss apochro- 
matic lens 90, immersion, numerical aperture 1.30, ocular 10 X, 
magnification in the plane of the photo-cell 5,000 X. 

As a measure of the dye-binding capacity, in comparisons 
between different cells and cell parts, the extinction coefficients 
obtained are given. In most cases it is merely necessary to compare 
different parts of the same section, whence a visual estimate of 
the intensity of the stain is sufficient. In typically important 
cases absorption measurements were made at the absorption 
maximum of the dye used. In some cases it was found necessary 
to compare sections from different animals. In order to obtain 
an additional guarantee of uniform staining conditions, the 
erythrocytes were computed and the values were compared. 

2. Capacity for Binding Basic Dyes. 

Kelley (1938) studied the capacity of the cell nuclei in differen 
tissues for taking on basic dyes, made a comparison with the content 
of nucleoproteids in the macerated tissue, and considered that he had 
found a correlation between those factors. 

In order to facilitate a comparison between the distribution 
of the nucleotides in different cell parts, which had been deter- 
mined by the above described absorption measurement procedure, 
and the affinity of the cell parts for basic dyes, staining was in 
many cases made with dyes of that type. The 5 /i thick sections 
were stained with a 0.1 per cent aqueous solution of toluidine 
blue in the presence of 0.1 per cent of duponol. The absorption 
measurements were carried out in accordance with the above 
described procedure, but at 6400 A. 



CHAPTER HI. 


Nerve Cell Deyelopineiit, 

A. Literature. 

Most investigations of the development of the nerve cell have 
been concerned in particular with the neurofibrils and the origin 
of neurites and dendrites. According to studies of His, Held, 
Cajal and others, the early forms of the development of the 
nerve cell are as follows: 

After the germinal cell, the apolar cell, with a small amount of 
cytoplasm as a cap on one of the nuclear poles, is regarded as the 
youngest form of neuroblast. By the development of two pro- 
cesses centrally and peripherally, the bipolar neuroblast is pro- 
duced. The proximal process atrophies and the cell assumes a 
pear shape with a long process from the narrowest end, giving 
rise to the picture of the unipolar neuroblast. Its cone of growth 
has proliferated so that it already lies out in the mesoderm. 
Shortly after this transformation the nucleus swells, 1 — 2 
nucleoli are produced, and the multipolar neuroblast is formed, 
with numerous processes. The multipolar neuroblast passes into 
the complete nerve cell, which process is considered to be termin- 
ated when accumulations of Nissl’s bodies in the c 3 d;oplasm can 
be brought out with basic dyes. Between these various stages His 
believed himself to have found transitional forms. The neuro- 
fibrils can be shown at an early stage in the neuroblasts, in chich 
embryos from the third day of incubation and even earlier 
(Held 1898, Cajal 1899, Gonzales 1938). 

Cytological investigations with ordinary staining methods are 
of more immediate interest for comparison with cytochcmical 
data. Scott (1899) investigated the development of nerve cells 
in embryos from different mammals after staining with toluidine 
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blue-erythrosin. In the embryonal cells supposed to be trans- 
itional between the germinal cell and the apolar neuroblast, 
Scott observed a disappearance of the basophil substance in the 
nucleus, but an increase of the acidophil. Synchronous with this 
nuclear change, a substance with a marked affinity for toluidine 
blue appeared in the cytoplasm closely roimd the nucleus. In 
further developed neuroblasts Scott found that the eosinophil 
substance in the nucleus showed an increase, as also the basophil 
substance in the cjdoplasm, whereas the basophil substance in the 
nucleus continued to diminish. In Scott’s opinion these pictures 
showed that the chromatin of the nucleus directly participated 
in the formation of Nissl’s bodies in the C 3 d;oplasm. According to 
Scott, the primitive cell between the germinal cell and the apolar 
neuroblast corresponded to His’ transitional cell with developed 
nucleus and richly stainable outer cap of c 3 d;oplasm. Scott con- 
sidered, however, that this last-mentioned cell represented a later 
stage of development than the primitive neuroblast, as the basophil 
substance in this cell had not yet diffused into the cytoplasm. 
According to Scott, the basophil substance in the c}d;oplasm is 
not distinctly observable until a considerable lapse of time after 
the complete development of the neuroblast and its migration 
into the mantle layer. 

Hatai (1904) examined rat embryos 10 — 13 mm in length with 
the same technique. The nuclei of most of the ganglion cells 
were situated peripherally. On staining with toluidine blue-erythro- 
sin Hatai found that the nuclear membrane towards the centre 
of the cell was folded. In the nucleus close to this area he 
observed accumulations of particles stainable both with toluidine 
blue and with erythrosin, which were not present close to the 
non-folded parts of the nuclear membrane. Nissl’s bodies were 
first shown in the cytoplasm in the vicinity of this irregular part 
of the nucleus. As soon as these irregularities udthin the part of 
the nuclear membrane facing the centre could no longer be shown, 
also other changes could be observed in the ganglion cell. The 
above-mentioned acidophil and basophil granules near the nucleus 
could not be demonstrated. The content of acidophil granules 
m the nucleus had increased. The cytoplasm was filled with Nissl’s 
granules. In Hatai’s view these pictures showed that Nissl’s bodies 
were formed by the migration of chromatin substance out from 
the nucleus. This view was shared by Scott (1898), Holmgren 
(1898) and Rohde (1903). 
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Collin (1907) states that, when the tigroid bodies begin to be 
differentiated in the neuroblast, the nuclear chromatin decreases. 

Kiese (1939), in experiments on bears, investigated the develop- 
ment of the nerve cell in the occipital lobe. The author attached 
the greatest importance to the distribution of the basophil sub- 
stance in the neuroblast at different stages of development. 
According as the basophil substance increased in the cytoplasm, 
he found that the nucleus paled. 

For this investigation it is essential also to know the rate of 
growth and the relative size during the different stages in the 
development of the nerve cell. 

The nerve cell undergoes its last division at an early stage of 
the embryo life. Morpurgo and Tirelli (1892) showed that 
the cell-divisions in a spinal ganglion of a rabbit embryo ceased 
at a length of 4 cm. 

Kaiser (1891) took measurements of the anterior horn cells 
in humaja embryos and recorded a growth from 700 at the 
end of the first month to 124700 at birth. Bombicci (1899) 
found that the neuroblast in chicks showed but little growth 
during its migration into the mantle zone. Not till the sixth or 
seventh day of incubation did its volume begin to increase. 

Busacca (1920, 1923) found that, as compared with the body- 
weight, the growth of the ganglion cell proceeded more slowly both 
absolutely and in percentage. Levi (1907) believed himself to 
have established that the nerve-cell volume was a function of the 
body surface. Whilst the body mass increased approximately in 
proportion to the cube of the body-length, the nerve cell increased 
with the square of the latter. According to Levi, Busacca, 
Heidenhain and others, the nucleus-plasma ratio decreases 
during the development of the nerve cell. This decrease is more 
marked in the larger cells than in the smaller. 

Donaldson and Nagasaka (1918) showed that so long as the 
body surface increased, the ganglion cell volume increased in 
proportion. 

Data regarding the growth of the neurite are scanty. Donald- 
son and Nagasaka (1918) determined the increase of calibre in 
neurites of anterior horn cells and spinal ganglion cells in rats 
from 17 to 360 days after birth. They found that the diameter 
of, the nerve fibres increased more rapidly than the ganglion cell. 
This applied particularly to the motor nerve fibres. The growth 
of the neurite was proportional to the increase in body surface. 
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Agduhr (1920) found that the cross-sectional area of the coarsest 
spinal-nerve fibres in dogs was decupled from the sixth day after 
birth to the sixth year. The increase in calibre, however, varied 
markedly in the different roots, namely between 4 and 12 times. 
AVe must also consider the peripheral branches of the neurone, 
in regard to which exact data are naturally unavailable. According 
to Tello (1917), the intramuscular plexus branches off successively 
as new muscle fibres are formed. In chicks after the 15th day 
of incubation, when the author states that the number of muscle 
fibres is fixed, one can merely observe a thickening of the neurites, 
myelinization and the development of nerve-endings. 

The volume of the neurone is bound to be considerably increased 
also by the development of dendrites, which takes place at an early 
stage. 

The most thorough investigations of the rate of growth during 
the development of the nerve cells have been made by Levi and 
collaborators (1897 — 1925). Levi showed that the growtji in the 
nerve cell-elements at an early stage of development was but 
little marked. Not until the neuroblast acquires the cytological 
characteristics of the young nerve cell does the growth ^proceed at a 
rapid rate, which is maintained during the whole intrauterine life. 
Postnatally it immediately slows down very considerably. Bu- 
SACCA (1916) showed that the volume of the ganglion cells in- 
creased during the whole period of bodily growth, and that this 
increase in volume was most marked during the embryonal period 
and diminished progressively after birth. Olivo, Porta and 
Barbbris (1932), as also Rondinini (1936), investigated the 
growth of spinal ganglion cells in chicks and mice during the 
embryonal period as well as postnatally, and found that the rate 
of groivth of the ganglion cells during the embryonal life was 
very high from the sixth day of incubation and the eleventh fetal 
day, respectively, and decreased on hatching, first rapidly and 
then slowly. They found that the rate of growth of the neuron 
was directly proportional to the body weight. The rate was higher 
for the ganglion cells with a larger cell volume, but from the thir- 
tieth day after birth it was the same for all categories of cells. 
PiLATi (1938) obtained similar results in examining the spinal 
ganglion cells in man. On an average the cells increased from the 
59th fetal day to birth from 327 /t® to 1900 y?. When the ganglion 
cells were divided into different size-groups, it was found that 
the smallest cells had increased from 65 to 697 y^, and the largest 
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from 1767 to 61601 From the 70th embryonal day a marked 
reduction in the rate of growth could be observed. Between the 
59th and 70th day the smallest cells grew more slowly than the 
other groups. From the 70th day to partus the rate of growth 
of the medium-sized ganglion cells was greater than that of the 
largest and smallest cells. Post partum the growth of the largest 
cells proceeded more rapidly than that of the others. Pieati 
observed a steady growth during the entire life of all the ganglion- 
cells in man and a more marked growth up to the 29th year. 


B. Own Investigations. 

1. Some Definitions. 

The cytological definitions of certain cell organelles are very 
fluid. As some of them can be shown to be integral parts of 
the protein-forming system in the cell, and on this basis can 
be cytochemically defined with greater exactness than general 
cytologic procedure permits, the follo\ving terminology has been 
used in the sequel. 

The term nncleohis is cytologically by no means easily 
definable, and has been used for various constituent parts of 
the cell-nucleus. In the previously cited works (Casperssox, 
the author and collaborators) it has been shown that at any rate 
the bulk of the nucleolar substance has developed from chromo- 
centre-like nuclear parts, probably derived from heterochromatin, 
and are connected with the cytoplasmic protein-forming mechan- 
ism. In the course of the present investigations it has been found 
possible to tackle this problem in greater detail and to adduce 
further evidence in support of this view. It accordingly seems 
justified to define the term “nucleolus” more precisely as follows: 
a structureless body, rich in hexone bases, and containing varying 
amounts of ribose nucleotides, but no demonstrable ribodesose nucleic 
add. Of art from isolated small particles which may be interspersed. 
The nucleolus is often surrounded by a wreath of granules rich 
in ribodesose nucleotides; This terminology has been adopted 
throughout in the sequel. 

Chromocentre should be understood to mean a collection of par- 
ticles rich in ribodesose nucleotides, concentrated in a ground- 
substance, which, on analysis with ultraviolet ray absorption 
measurements and a determination of the capacity for binding acid 
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dye groups, can be shown to have the same essential composition 
as the nucleolus, that is, proteins rich in hexone bases in a very 
highly concentrated form as well as ribose nucleotides. 

Beterochromatin. Apart from particularly suitable cytologic 
material from invertebrates, heterochromatin has been very 
badly defined. Also from a cytogenetic point of yievf, it can be 
defined only tmder specially favourable conditions. Investiga- 
tions with ultraviolet ray absorption methods on particularly 
favourable material have shown that the chromocentre substance 
which, as stated above, is associated with the development of 
the bulk of the nuclear substance, is derived from parts which 
are certainly heterochromatic. As ultraviolet analysis makes it 
possible fairly well to define the bodies in question, even in 
material which cytolo^cally and, with the present cytogenetic 
methods, is so unfruitful as, for example, the mammalian cells 
here examined, heterochromatin.in^iJie interphase nucleus may be 
defined as largish, distinct chromocentres in close association with 
the nucleolar apparatus. To what extent this cytochemical defini- 
tion wiU cover the cytological and cytogenetic, can be determined 
only by new and more delicate procedures within these two last- 
mentioned spheres. 


2. Analyses of NeuroMasts with Cytochemical Methods. 


The material examined consisted of altogether 99 embryos: 


human embryos 
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1 embryos 

rabbit embryos 
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36 

mm 
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Fixation: Gersh’s freezing-drying method and Carnoy’s solution. 
In the examination of this material the following technique 
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was employed. The material was sliced in serial sections 5 fi in 
thickness. Section 1 was stained -ttdth toluidine blue-erythrosin. 
Section 2 was used for photographing in ultraviolet and for the 
selection of suitable objects for measurement. On section 3 the 
Feulgen reaction was performed. Section 4 was impregnated with 
silver in accordance with Bodian’s method for the control of the 
neuroblasts. Section 5, again, was used for staining with toluidine 
blue-erythrosin, and so on. 

In order to show the differences in the amount of proteins 
in the embryonal nerve cell at different stages of development, 
the cell volume in the various cases was computed under the 
assumption that the cells were prolonged rotation ellipsoids. As 
axis values the author took the largest and smallest cell diameters 
in a section of the cell containing the major part of the nucleolus 
and consequently passing through the centre of gravity of the cell, 
or at any rate near that point. It was also essential that the 
section should contain cytoplasm at the base of the neurite, 
which afforded a guarantee that the large axis would correspond 
with the maximum diameter of the cell. In computing the total 
amount of proteins one must take into account not only possible 
errors in the actual computation of volume, but also those which 
may be due to the treatment of the material with fixatives and 
other liquids used in the histological technic, as well as variations 
in the thickness of the sections. The shrinlvage resulting from 
treatment in accordance with the usual histological technic, may 
be estimated at about 20 per cent (Patten and Phiepott 1921, 
Hertwig 1931), being fairly uniform in similarly treated material. 
Though it is difficult to make an exact estimate, the errors resulting 
from these sources should, taken separately, not exceed some 10 
per cent in the determination of the proteins, except in particularly 
complicated cases. Seeing that the differences in the cells at the 
different stages of development, as shown below, were about ten 
times as large, the errors are of subsidiary importance for the 
demonstration, in principle, of the protein changes. As the cyto- 
chemical investigations of all the 99 embryos corresponded very 
well at the different stages, only three series will be adduced 
below as typical examples. In these series thorough ultraviolet 
absorption measurements were also taken, in each case four 
absorption series. In order to obtain data independent of the 
ultraviolet analyses in regard to the basicity of the proteins, all 
the sections were .stained, including those in which ultraviolet 
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measurements were not taken witli acid dyes in accordance with 
the above indicated method. 

The results obtained in the course of the investigation in 
regard to unipolar and multipolar neuroblasts from rat embryos 
10 — 13 mm in length are set forth below as typical examples. 
These two stages in the development of the nerve cell are in fact 
found simultaneously well-developed in rat embryos of that size, 
and can therefore be analyzed in one identical section. In such 
comparisons the source of error arising from variations in the 
thickness of the sections will naturally be eliminated, and the 
shrinkage may be assumed to be uniform in both cases. A typical 
example of yoimg nerve cells, in a 23 mm rat embryo, is also 
adduced. 

a. Analyses of unipolar neuroblasts. The unipolar neuroblast 
had an elongated nucleus of elliptical shape as well as a cytoplasm 
showing intense absorption at a wave-length of 2570 A, si- 
tuated like a cap on the nuclear pole facing the marginal kyer (see 
Fig. 4). Round the remaining part of the nucleus the cytoplasm 
mass was very poorly developed. The volume of the cells measured 
was on an average 75 /i*, that of the nuclei 50 /i®. The volume of 
the nucleus relatively to the cytoplasm was on an average in the 
ratio of 1.97 ; 1. With the aid of Bodian’s method of impregnation 
the neurofibrils in the growing neurite were brought out. The 
photograms in ultraviolet showed that the neuroblast nucleus 
had a larger content than the adult nerve cell of particles con- 
taining nucleic acid. The Feulgen reaction showed that the 
nucleic acid in these particles was ribodesose. No nucleolus con- 
taining ribose nucleic acid was found in these cells. The nuclear 
structures which, on staining with toluidine blue-erythrosin, re- 
sembled the nucleolus described by other authors, contained main- 
ly ribodesose nucleotides, being thus comparable with a chromo- 
centre area. 

Curves 1 and 2 in Fig. 6 show an example of absorption spectra 
taken at a point in the cytoplasm of neuroblasts at this stage 
of development. At a wave-length of 2600 A a distinct absorp- 
tion maximum appears, indicating the occurrence of large con- 
centrations of nucleic acid. At 2800 A a protein band becomes 
visible, as is clearly shown by the bend in the profile of the 
curve. The tyrosin maximum is found at a wave-length of about 
2850 A. Also the capacity for binding acid dye-groups is in 
general far higher than in the multipolar neuroblasts. From this 
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it is evident that proteins rich in hexone bases are contained 
in the cell substance. The other cells measured yielded curves of 
a similar shape. The quotient e.oo/fzso varied from 1.56 to 1.70 in 
different cells. The quotients are computed with due allowance 
for the light scattering in the preparation. If we adopt a “standard 
protein” with an average content of 5 % tyrosin and 1.5 % 
tryptophan (see p. 16) and compute on the basis of this quotient 
the ratio between the content of proteins and nucleic acid, the 
result obtained is that the protein concentration stands to the 
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Fig. 5. Curves 1 and 2 from points in the scantily developed cytoplasm in unipolar 
neuroblasts. Curves 3 and 4 aho\v the estimated loss of light by scattering. 

(See p. 18.) 

nucleic acid concentration in the ratio of 2 to 6 : 1. Micro-in- 
cineration of the nearest-lying section showed, at the site of 
the cytoplasm intensely absorbing at 2600 A, a substantial 
residue of ash. In the adult nerve cell the axon hillock contains 
but a small amount of nucleotides as compared with the remainder 
of the cytoplasm. In these neuroblasts, on the other hand, the 
place from which the neurite issues is marked by the same high 
concentration of nucleotides as the cytoplasm in general. 

b. Analyses of multipolar neuroblasts: Nearer the marginal layer 
in the neural tube in rat embryos 10 — 13 mm in length lie some- 
what larger neuroblasts with a different cytological picture (Fig. 6). 
Some of them are multipolar neuroblasts. The nucleus in most 
cases is of spherical shape, and the cell has a more rounded form 
than the unipolar neuroblast. The cytoplasm surrounds the entire 





Fig. 4. A group of unipo 
plasm. Catnoy-fixed. Ma 



Fig. 6. A group of mi 
Ml 


A 




Pig. 8 a. Young anterior liorn cell from a 2.3 jnin rat embryo. Fig. S b. The same 
cell, but dissected for ultraviolet absorption measurement. Carnoy-fised. Magnifica' 
tion 1,150 X. Objective aperture 0.85. Condenser aperture O.C. 


Fig. 9. Embrj'onnl spinal ganglion cells from a 25 mm rabbit cmbrj’o. The nuclear 
membrane area towards the centre of the cell flattened, folded and rich in nucleo- 
tides. Camoy-fised. Magnification 1,1.50 X. Objective aperture 0.85. Condenser 

aperture O.C. 
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nucleus and is more developed than in the unipolar neuroblast. It 
is characterized by a considerable absorption at 2570 A. The cells 
measured had an average volume of 204 The volume of the 
nucleus amounted to 74 /t®. The volume of the nucleus relatively 
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Fig. 7. Absorption spectra from a point in the cytoplasm of a multipolar neuroblast 
(curve 1) and a young anterior horn cell (curve 2). 

to that of the cytoplasm in the average cell was thus in the ratio 
of 1 ; 1.7, The photograiris in ultraviolet at the maximum absorp- 
tion of nucleic acid showed that the nucleus relatively to its volume 
contained a smaller number of particles rich in nucleotides 
than the unipolar neuroblasts. In the large nucleus one or two 
largish Feulgen-positive particles appear, which chromocentre 
cytologically resembles nucleoli. In a number of cells the nuclear 
membrane is folded in certain sections and rich in nucleic acid. 
Fig. 7 curve 1 shows an example of an absorption spectrum at a 
point in such a cell lying about 100 [i from the above-mentioned 
young neuroblast. The curves show a nucleic acid band at 2600 A. 
An analysis shows also a protein component. The protein absorp- 
tion maximum is poor compared with that of the nucleotides. The 
tyfosin maximum lies between 2800 and 2850 A. The shape of 
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the cmve indicates a tj^e of absorption intermediate between 
the typical absorption spectrum for proteins rich in hexone bases 
and proteins of the globulin type. In regard to the capacity for 
binding acid dye groups see the above remarks. The other cells 
yielded curves of the same shape. The quotient Sseo/e-so varied 
from 1.4 to 1.57 and was computed with due allowance for the 
scattering of light in the preparation. Beckoned as “standard 
protein” (see p. 16), this signifies that the protein concentration 
stands to the nucleic acid concentration as 6 to 13 : 1. 

Micro-incineration of the multipolar neuroblast yields, as in the 
case of the unipolar neuroblast, a substantial residue of ash at the 
site of the cytoplasm intensely absorbing at 2600 A. 


3. Analyses of Young Nerre Cells. 

In rat embryos 23 mm in length the anterior horn cells haA’'e a 
very characteristic appearance (Fig. 8 a and b). The nucleus has 
a spherical shape and is situated excentrically. The cytoplasm is 
well developed and absorbs very intensely, compared with that 
of the neuroblasts at 2570 A. The cells measured had an average 
volume of 1065 The nuclear volume was 382 fi\ The volume 
of the nucleus relatively to that of the cytoplasm in the average 
cell is in the ratio of 1 ; 2.8. Relatively to its volume, the nucleus 
has a very small content of particles rich in tibodesose nucleotides. 
In its centre a rounded structure (in certain cells two) containing 
large concentrations of nucleotides can be observed. As the 
Feulgen test for this structure was entirely negative, the nucleo- 
tides must be of ribose type. In staining tests these structures 
took up acid dyes with great avidity. They are thus nucleoli. 
Surrounding the cell organelles rich in ribose nucleotides, a thin 
peripheral layer of particles rich in ribodesose nucleotides can 
be observed. This cell substance rich in ribose nucleotides may be 
designated as a nucleolus, in contradistinction from the chromo- 
centre-like formations in the neuroblasts, as this has been found 
to be the characteristic composition of the large nucleoli, rich in 
ribose nucleotides, in the adult nerve cells. This observation will 
be discussed in greater detail in the sequel. (See Chapter I 

part II,) . 

Fig. 7 curve 2 shows an absorption spectrum measured in a 
section of the cytoplasm which is dark in the ultraviolet picture. 
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At 2600 A a marked nucleic acid band is observed. At 2900 A 
a distinct absorption band appears, which then rapidly fades as the 
wave-length increases. The tyrosin maximum lies near 2950 A. 
Acid dye groups are absorbed with an avidity which is even 
greater than in the case of the unipolar neuroblast. The cyto- 
plasm substance thus has a high content of proteins rich in 
hexone bases as well as large concentrations of nucleotides. 
As the latter give a negative result to the Feulgen test, the 
nucleotides must be of ribose type. The quotient foeo/^zso varied 
in the measured cells from 1.4 to 1.5, and was computed 
with due allowance for the light scattering in the preparation. 
Reckoned as the above-mentioned “standard -protein”, this signi- 
fies that the protein concentration stands to the nucleic acid con- 
centration in the ratio of 8 — 13 to 1. The ribose nucleotides in the 
cytoplasm are accumulated in certain limited parts, which on 
subsequent staining of the same section with a basic dye were 
found to agree well with the cytological picture of Nissl’s bodies. 

On micro-incineration both the nucleolus and the accumulations 
in the cytoplasm which absorb intensely at 2600 A yielded a 
substantial residue of ash. 


i. Nucleolar Apparatus and Protein Increase. A Survey, 

a. Development of the Nucleolar Apparatus. 

The development from unipolar neuroblast to young nerve cell 
was followed with different cytochemical jirocedures. The results 
obtained with material from rat embryos 10 — 13 and 23 mm in 
length have been adduced as typical e.xamples. In these investiga- 
tions it Avas found possible to follow the development of the 
nucleolus and of the large amounts of cytoplasmic nucleotides. 

The unipolar neuroblasts have an average volume of 75 /(®. 
The cytoplasm is small in proportion to the nucleus. The ratio 
between the volume of the nucleus to that of the cytoplasm 
may be estimated as 2.0 to 1. An accumulation of ribodesose 
particles, which may be said to constitute a chromocentre area, is 
seen in the dominating nucleus. The small amount of cytoplasm 
accumulated close to the pole of the elongated cell from which 
the neurite issues contains rather large concentrations of ribose 
nucleotides. The protein concentration stands to the nucleic acid 
concentration as 2 — 6 to I. 
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The multipolar neuroblasts measured have on an averat^e a 
volume of 204 /*“. The cytoplasm in this type of cell is more de- 
veloped. The ratio between the volume of the nucleus to that of 
the cytoplasm was estimated as 1 to 1.7 The nucleus is on an 
average larger than in the unipolar neuroblast and contains distinct 
chromocentre areas with a ribodesose nucleotide content, which, on 
examination Avith ordinary cytological staining methods, resemble 
nucleoli. The nuclear membrane in some cells within certain. areas 
is folded and rich in nucleic acid. The cytoplasm contains ribose 
nucleotides in similar concentrations as in the unipolar neuroblast. 
The protein concentration stands to the nuclein acid concentration 
as 6 — 13 to 1. Absorption spectra show that the amounts of 
absorbing substance are comparable with that of the unipolar 
neuroblast, Avhich indicates that the amount of protein has 
increased concurrently Avith the increase in the volume of the 
cell. 

The young nerve cells analyzed had an average volume of 1065 
j. 1 ^. The ratio between the volume of the nucleus to that of the 
cytoplasm Avas estimated as 1 to 2.8. The nucleus is large and 
spherical and contains in proportion to its volume but a small 
amount of ribodesose particles. In its centre one observes a 
large nucleolus, rich in ribose nucleic acid, on the periphery of 
which one sees a fine netAvork of Feulgen-positive elements. On 
the ultraviolet photograms the nuclear membrane is shown to be 
rich in nucleic acid and in certain sections folded. The well-develop- 
ed cytoplasm contains ribose nucleotides in large concentrations 
accumulated in certain parts of the cytoplasm, which on subse- 
quent staining with a basic dye corresponded AveU with the cyto- 
logic picture of Nissl’s bodies. The absorption measurements and 
dye-binding tests shoAv that the content of proteins, rich in hexonc 
bases, in the cytoplasm is particularly large. The proportion 
betAA'een the proteins and the nucleotides is approximately the same 
as in the multipolar neuroblast. 

Both nucleus and cytoplasm increase in volume during the 
development of the neuroblast into a nerve cell, and the largest 
increase is shoAvn by the cytoplasm; the “nucleus-plasma relation” 
is thus shifted in favour of the cytoplasm, as had already been 
pointed out by Heidentiain in 1911. An important fact can 
thus be noted, namely that the large amounts of ribose nucleo- 
tides in the growing Cijloflasm do not afpear until after the develop- 
ment of the nucleolus rich in ribose nucleic acid. 
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Earlier cytocliemical observations of rapidly growing embryonal 
cells from chicks (Caspersson and Thorell 1941) have served 
as a basis for dividing the development of such cells into three 
stages with a different mitosis frequency. Stage I is an early 
embryonal phase with very intensive growth. The cell nuclei 
include chromocentre areas with parts containing both ribodesose 
and ribose nucleotides. Stage II is a later embryonal phase with 
a reduced intensity of growth. These cells have a well-developed 
nucleolar apparatus rich in ribose nucleotides and a cytoplasm 
of larger volume, likewise containing ribose nucleotides. Stage III 
marks a transition to an adult stage with the cessation of growth. 
In these cells the nucleoli are reduced in size and the cytoplasm 
is poor in nucleic acid. 

Stages I and II are well covered by the development of the 
unipolar and multipolar neuroblasts. Afterwards the nerve cell 
shows a development deviating from that of the average embryonal 
cell (stage III). In the young anterior horn cell the nucleus and 
especially the cytoplasm undergo an immense increase in volume. 
During this time the nucleolus becomes continuously larger and 
is charged with ribose nucleic acid, after which increasingly 
higher concentrations of ribose nucleotides are observed in the 
cytoplasm. This phase thus differs very considerably from the 
corresponding stage III in the other above-mentioned somatic cells. 
Thus, instead of the cessation of the groivth, mth a reduction in the 
size of the nucleolar apparatus, in stage III, the 7ierve cell passes 
through a period during which the nucleolar material as well as the 
cytoplasm oiucleotides rapidly mcrease, in order to remain 7cell- 
developed during adult life. According to the views set forth 
above, this should signify an intensive production of cytoplasmic 
proteins even during that period. 

Here we find an interesting parallel with the oocyte, in which, 
as is well known, there is a second period of growth with a very 
rapid development of the cell. This seems to correspond to stage 
III in the development of the nerve cell, which may be designated 
with good reason as a “second period of growth” in that cell. 


b. Increase in the Amount of Protein. 

From the growth of the cell, i. e. the increase of the cell volume, 
an augmentation of the proteins in the cell cannot, of course, 
immediately be inferred. Such an increase can, however, be 
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estiiYiated from the results of the ultraviolet absorption mea- 
surements. 

The increase in the cytoplasm of the nerve cell in stage III 
is very considerable, and, if the volume of the neurite is included, 
enormoms. An estimate of the volume of the neurite must ob- 
viousl}^ be very rough. For neurites in later stages of develop- 
ment the diameter, apart from the myelin sheath, was taken as a 
basis of measurement. The growth cone of the unipolar neuroblast 
lies out in the mesoderm (Heei) 1909), In order to compute the 
thickness of the neurites, a number of them, taken from unipolar 
neuroblasts, were measured in sections impregnated with silver. 
The values were about 1 /i. Reckoned according to the mesoderm, 
the length may be estimated at 50 //. Reckoning with the values 
of the measured cells, the volume of the cytoplasm plus that of 
the neurite Avill be 100 /<*. For the multipolar neuroblast the 
diameter of the neurite was reckoned in the same way at 1.5/t 
and the length was estimated at 3 mm. The volume of the cyto- 
plasm plus that of the iveurite will then be 7000 For the young 
anterior horn cell the diameter of the neurite was reckoned in the 
corresponding manner at 3 /<. and the length was estimated at 15 
mm, in the 23 mm rat embryo used for the measurements. The 
volume of the cytoplasm plus that of the neurite will then be 
142000 //’. As a basis of comparison Ave may take an adult anterior 
horn cell with a mean diameter of 50 /i and a nuclear diameter 
of 18 f(. According to measurements of the anterior rooks in adult 
rats (Duxcax 1934), the mean diameter of the coarse fibres is 
about IG Exclusive of the myelin sheath, a mean diameter 
of 8 /( and a length of 8 cm have been taken, in this example 
of measurements on rats, as a basis of computation. The volume 
of the cytoplasm plus that of the neurite will then be 4,060,000 
/{*. The total volumes of the nerve cell at different stages of 
development Avili thus shoAV the foIIoAving ratios; 

Unipolar Mnltipolar Young anterior Adult anterior 
nenroblast ncuroblast born cell born cell 

1 70 1420 40600 

The ratios of the cytoplasm volumes Avill be as folloAvs; 

1 5 27 2200 

An analysis of absorption spectra from points in the cytoplasm 
shoAved that in the unipolar neuroblasts the content of proteins 

* HXgqqvist (1943) found that the diameter of Ilia coarse-st nerve fibres, 
apart from the myelin shcatb, in the upper part of tiio eciatio nerve from 
rats amounted to 9.5 n. 
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was about 30 per cent, and in adult anterior born cells in rats 
(see Chapter I part II) likevdse 30 per cent. 

It appears from these computations that the total amount of proteins 
in the nerve cell cytoplasm, even if the neurite is not included, in- 
creases more than 2000 times during the development of the nerve 
cell from neuroblast to adxiU cell with completed growth. 

The protein concentrations in the neurite are not known, but 
it may be presumed that they are not appreciably less than those 
in the major part of the cytoplasm. It ■will be seen from the above 
table that the total increase in protein per neuron is singularly 
large during the later stages of development. 

The results set forth show that, even if the neurite is set aside, 
the amount of cytoplasmic protein increases rapidly during the 
stages in question. If the neurite is included, this increase must be 
designated as immense compared vdth all other embryonal cells, 
except the oocyte! The development of the nucleolar apparatus 
thus shows also during “the second period of growth” a marked 
increase of protein, which conduces to hear out the vieiv that this 
apparatus plays an important part in the formation of cytoplasmic 
protein in general, A more detailed investigation of the cytoche- 
niical mechanism ■will be reported in the following section. 

5. Detailed Analysis of tlie Nucleolar Apparatus. 

The changes in the content of nucleotides and proteins in 
nerve cells at different stages of development have been discussed 
in the preceding section. For the sake of perspicuity some observ- 
ations on cytological details will be submitted below. 

The cytological mechanism during intensive functioning of the 
protein-forming system has been examined in detail in adult 
spinal ganglion cells of Lophius piseatorius (Hyden 1943). On 
the basis of this material it could be shown that the nucleolus and 
the ribose nucleotides were active during the intensive functioning 
of the protein-forming system, the formation of proteins in the 
cell being aided by the direct participation of those nucleotides and 
of proteins rich in hexbne bases (See Chapter I Part II p. 70 and 
for further particulars Hyden 1943). During the phase when 
this apparatus functioned most intensively, the content in the 
nucleolus of ribose nucleotides and proteins rich in hexone bases 
showed a considerable increase. The nucleus was displaced towards 
the periphery of the cell and the nuclear membrane was at the 
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same time folded mthin a local section of the nucleus. Outside 
this area there were large accumulations of ribose nucleotides 
(“nuclear-membrane nucleotides”) and proteins rich in hexone 
bases. In order to determine whether the marked similarity be- 
tween the spinal ganglion cells in Lophius piscatorius and the 
embryonal nerve cells at those stages of development when the 
production of protein proceeded most rapidly was due to the 
existence of the same mechanism in both cases, or was merely an 
apparent resemblance, a limited number of cells were examined 
with the above described cytochemical methods. 

The material for examination was taken from rat and rabbit 
embryos 10 — 13 mm and 25 — 33 mm in length, respectively. 
The material was fixed in accordance with Gersh’s freezing-drying 
method and in Carnoy’s solution. 

Ultraviolet microscopy. Tig. 9 shows a photograph of spinal 
ganglion cells from a rabbit embryo 25 mm in length, taken at 
2570 A. It is significant that most of the nuclei are excentrically 
situated in the cell, just as in the spinal ganglion cell of Lophius 
piscatorius. The nucleus is spherical. The nuclear membrane is 
irregularly folded and flattened towards the centre of the cell. 
In the nucleus one or two largish intensely absorbing particles 
and a number of smaller particles of that nature are observed. 
Examination showed that they consisted in one or two nucleoli 
surrounded by small groups of particles containing ribodesose 
nucleotides. 

At 2570 A the, absorption in the cytoplasm is most marked 
in the peripheral parts and within the small area close to the folded 
section of the nuclear membrane. In a central part of the cyto- 
plasm the absorption within one area at this wave-length is low. 

Absorption measurements. Fig. 10 shows, by way of example, , 
two absorption spectra from points in a cell of type just indicated. 
Curve 1 is taken at a point in the c}’toplasm shown in the 
chart. At 2600 A a distinct absorption maximum appears, 
which shows the presence of large amounts of nucleotides. 
At 2800 A a marked protein band is seen. The tyrosin maximum 
lies at 2900 A, wliich shows the occurrence of considerable amounts 
of proteins rich in hexone bases. Curve 2 is from a point in 
the lower absorbing cytoplasm area outside the folded part of 
the nuclear membrane. At 2600 A a weakly marked nucleotide 
band appears. The tjwosin maximum lies at 2870 A, indicating 
the basic character of the component protein. An analysis shows 



PKOTEIN METABOrJSM IN THE NERVE CELL. 


41 


the occuirence of very small amounts of nucleotides and large 
amounts of proteins rich, in hexone bases. The central area in 
the cytoplasm has a far greater attendency to absorb acid dye 
groups than the peripheral. Investigations of the material from 
rat embryos gave the same results as those above described. 



2if00 2600 2800 3000 A 

Fig. 10. Absorption spectra from points in an embryonic spinal ganglion cell, 
rabbit. The chart shows the measuring points. 

A comparison between the distribution of proteins/nucleotides 
in the peripheral and the last-mentioned central part of the 
cytoplasm shows great differences. The quotient Snso'em was 
computed with due allowance for the light scattering and was for 
curve 1 = 1.43 and for curve 2 = 1.06. Reckoned as “standard 
protein” (see page 16), the protein concentration in the portion 
of the cytoplasm rich in nucleotides at the periphery will stand 
to the nucleic acid concentration as 10 : 1 and in the central 
cytoplasm mass outside the nuclear membrane as 60 : 1. In the 
cytoplasm outside the folded nuclear membrane rich in nucleotides, 
the nucleid acid component is thus very small relatively to the 
large concentrations of proteins. The results of the above reported 
detailed analyses of embryonal ganglion cells, in which there is 
a marked increase of cell protein, show a very good correspondence 
with the cytochemical picture in the spinal ganglion cells of 
IiOfJdiiS ‘piscatorms. From this it ivill be seen that the production 
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of the immense amounts of cell protein which tahes place during the 
development of the nerve cell in mam7nals is effected by the same 
mechanism as in the ganglion cells of Lophius piscatorius, whence 
it would be justifiable to apply the observatmis inade on these 
ganglioji cells to ma^nmalian cells. 


6. Tlie lieteroclironiatin question in nerve cells 
from mammals. 

The chromatin part which precedes the liucleolar apparatus 
in the protein-forming system in the cytoplasm, and wliich in 
certain invertebrates has been showm to coincide with the lictero- 
chromatin, may during the interphase be cytochemically defined 
as nuclear substance containing proteins rich in hexone bases 
as well as ribodesose and ribose nucleotides (Caspeusson 1940, 
1941). If the protein system functioned intensively in the nerve 
cell, the formation of distinct areas of this nature was to be ex- 
pected. In order to investigate this question a series of experiments 
were conducted. 

The cytological definitions of heterochromatin are so vague 
that in mammalian cells such regions can scarcely be identified 
with certainty. The possibility of attacking these questions cyto- 
genetically seems at present to be very small. The chromatin 
portion directly active in the protein-forming system can, on the 
other hand, be cytochemically well defined and corresponds in 
some invertebrate material with what can be showm there to be 
heterochromatin. The term hcterochromatin has therefore been 
retained for that portion also in regard to mammalian material. 

The material consisted of spinal ganglion cells, anterior horn 
cells in the S2)inal cord and Purkinje’s cells from 10 rabbit 
embryos 22 — 33 mm. in length and 8 adult rabbits, half of them 
males, half of them females. Half of the material was fixed in 
accordance wdth Gersh’s freezing-drying method and the rest in 
a 10 % formalin solution in saturated sublimate and Champy’s 
solution, xlltogether 14 absorption spectra in ultraviolet were 
taken on cells from different animals. As w'c are concerned here 
w'ith a minute cell structure which it is difficult to analyze, the 
results of the investigations on the large adult spinal ganglion 
cells will be dealt wdth first. 




Fig. 11. Spinal ganglion cell, rabbit. Carnoy-fixed. In the nucleus, adjacent to the 
nucleotide-rich nucleolus, we see the chromocentre area, containing ribodesose 
and ribose nucleotide. Magnification 1,150 X. Objective aperture 0.85. Condenser 

aperture 0.6. 
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Spinal Ganglions Cells in Adult Babbits. 

Ultraviolet microscopy. In the nucleus, owing to the greater 
absorption in photographing at 2570 A, certain parts stand out 
more than the nuclear substance in general. These cell structures 
are usually situated close to the nucleolus rich in ribose nucleo- 
tides or in its vicinity, and have the appearance indicated by 
Figure 11. Their size as a rule does not exceed that of the 
nucleolus. They are irregular in form. They vary in number in 
different cells. One or two large and several smaller absorbing 
areas of this nature are often found. In a few cells no such 
absorbing parts in the nuclear substance can be discovered. In 
some of these cells the nucleolus on the ultraviolet photograph 
is irregular, having one or more bulges. In others again there 
is only one absorbing cell structure of this nature lying close 
to the nucleolar substance. 

Absorption measurements. Figures 12 and 13 show a series 
of absorption spectra taken at points in these absorbing areas 
close to the nucleolus (the curves marked 1) and at points in the 
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Kg. 12. Absorption spectra from the chromcentre in a spinal ganglion cell nucleus 
from a rabbit (ciurve 1) and from a point in the adjacent nuclear substance (curve 2). 
Curve 1 shows a nucleotide band and a marked protein band with a tyrosin maxi- 
mum shifted towards long wave-lengths. Curve 2 shows merely a faint protein 
band. Curves 3 and 4 indicate the loss of light by scattering. 

more weakly absorbing nuclear substance adjacent to it. (The 
curves marked 2). At 2600 A a distinct absorption maximum 
appears in curve 1, showing the presence of nucleotides. At long 
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■wave lengths we observe a marked absorption band, extendintr 
to 2950 A, The course of the curve corresponds to a nucleic 
acid. baud overlapping a marked protein band, with its tyrosin 
maximum lying at long wave-lengths. The absorption of 
protein is high compared with the nucleic acid band and 
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Fig. 13. Two absorption spectra similar to those in Fig. 12. Same notation. 

gives the curves a characteristic appearance. The absorption 
spectra at points in the adjacent nuclear substance have merely 
a weak absorption maximum at 2850 A, the tyrosin maximum 
lying at 2900 A, which indicates the occurrence of small 
concentrations of protein -ft-ith the absorption type of proteins 
rich in hexone bases. In regard to the capacity for absorbing 
acid dye groups see below. 

An analysis of these curves shows that the frotein concentration 
in the absorbing substance close to the 7iucleus is ihree times higher 
than the average of the adjacent nuclear substance, and that the 
nucleotide content is somewhat higher. 

Fculgcn reaction. A comparison between the ultraviolet picture 
and the Ifeulgen picture showed that the substance analyzed here 
and defined as heterochromatin contains a larger amount of 
T'eulgen-positive particles than the remaining nuclear substance. 
It is thus built up of a structureless mass of ribose nucleotides 
and proteins rich in hexone bases, whilst interspersed in it lie par- 
ticles rich in ribodesose nucleotides. 

Micro -incineration. In the micro-incineration of ganglion cells 
and photography in the dark field, large residues of ash were 
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obtained on the site of the nucleolus, as well as close to it 
within an area which in the ultraviolet picture corresponded 
to. the above analyzed heterochromatic area, whereas the nuclear 
substance in general left but little ash. 

Measurement of the Capacity for Binding Acid Dyes. 

In staining spinal ganglion cells with acid dyes according to the 
technic described in Chapter 0, it is remarkable how intensively 
the nucleolus and the adjacent structure bind these dyes relatively 
to other cell structures (see Fig. 14). In measuring the absorptive 
capacity at the absorption maximum of cyananthrol at 5750 A, 
the author obtained in some 10 rneasurements on an average the 
extinction coefficient 0.34 for the nucleolus, 0.28 for the absorbing 
substance close to the nucleolus and 0.09 for the remainder of 
the nuclear substance. 

The results of the absorption measurements in ultraviolet 
point to the occurrence of proteins of hexone bases in the above 
analyzed structure close to the nucleolus. This method, however, 
gives mere indications of the amount of such proteins. Measure- 
ment of the capacity for absorbing acid dyes, on the other hand, 
gives, theoretically, a direct possibility of determining the amount 
■of basic groups; and the relative contents of basic proteins can 
already be estimated from the preliminary measurements now 
made. They show plainly that the nucleolus and the absorbing 
substance close to it contain very large amounts of basic frotein 
groups as compared ioith the remaiivder of the nucleus sub- 
stance. 


Anterior Horn Cells and Pui'ldnje’s Cells. 

Investigations with ultraviolet microscopy, the Feulgen reaction, 
micro-incineration and staining with cyananthrol and ponceau 
under standard conditions were conducted on anterior horn cells 
and Purldnje’s cells from the above specified rabbit material. 
About 40 series were arranged in this manner. The results of 
these investigations showed a similar distribution and composi- 
tion of the chromocentre area in the three types of cells as 
was described above in regard to the large spinal ganglion cells 
of rabbits. 


Embi’yonal Ganglion Cells. 

In order to study more closely the formation of the hetero- 
chromatic chromocentre in adult ganglion cells during the develop- 
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ment of tlie nerve cell, a series of investigations were conducted 
in accordance with, the same technic as for anterior horn cells and 
Pmkinje’s cells. About 30 series were arranged in accordance 
with these methods. 

All these different methods gave similar results on cells at 
different stages of development from the rabbit embryos of 
varying size. The results of the investigation of nerve cells at 
later embryonal stages corresponded completely with those set 
forth above in regard to adult spinal ganglion cells, anterior horn 
cells and Purkinje’s cells; they will therefore not be reported in 
detail. 

At the earlier embryonal stages, namely unipolar and multipolar 
neuroblasts, there is as pre^dously pointed out (see Chapter III 
p. 43) in the nucleus a weU-developed area which is rich in particles 
containing ribodesose, and which does not differ from the corre- 
sponding structure in other somatic embryonal cells. According to 
the definition (see Chapter III p. 28), it may be designated as a 
chromocentre. This chromocentre is analogous in essentials with 
the above analyzed chromocentre in adult ganglion cells, but differs 
from it in detailed composition. The chromocentre in the earlier 
forms of neuroblasts includes a larger amount ‘of particles rich 
in ribodesose nucleotides than the corresponding formation in 
the adult ganglion cells. A comparison between the ultra\nolet 
picture and the Peulgen picture of this cell organelle in the embryo- 
nal and adult nerve cell shows that the difference is consider- 
able. 

In the miipolar and multipolar neuroblasts a nucleolus is 
missing. It was in fact not developed until the nerve cell 
passed through its second period of growths (termed above stage 
III) in connection with the formation of cytoplasmic nucleotides. 
It is first at this stage that one can show the heterochromatic 
chromocentre as it exists in the advU ganglion cell: a group of 
particles rich in ribodesose nucleotides embedded in a ground, sub- 
stance of ribose nucleotides and proteins rich in Jiexone bases. 

The course of development of what has been here defined 
as a heterochromatic chromocentre thus corresponds well with 
the assumption that, as previously shown in regard to certain 
invertebrates, it is built up of a group of particles rich in ribodesose 
polynucleotides, which by forming proteins rich in hexone bases 
and ribose nucleotides, gives rise to the major part of the nucleolar 
material in the earliest phase of the cytoplasmic protein formation. 
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Difference in the Heterochromatin in Males and Females. 

If the above analyzed nuclear structure in the ganglion cells 
of rabbit can be compared with beterocbromatin in very intensive 
functioning, there is a theoretical possibility that disparities in 
its formation and frequency may be found in males and females, 
as the content of beterocbromatin in the genome may be presumed 
to be considerably different in the two sexes. 

The male rabbit in his chromosome set has an X and a Y 
chromosome. The female has XX. (Bachhubee 1916, Masui 1923.) 
The Y chromosome in many kinds of animals examined was largely 
heterochromatic, whereas the X chromosome usually shows this 
character only in part. The male rabbit will therefore presumably 
have a larger amount of beterocbromatin in his chromosome set 
than the female, although the conditions in this regard have not 
yet been fully investigated. It should follow from this that in 
a type of cell such as the nerve cell, where the beterocbromatin, 
in the capacity of regulator of the protein-formation in the cyto- 
plasm, functions with special intensity, the size of the chromo- 
centre areas will also reflect the differences in the beterocbromatin 
content in the two sexes. 

In order to settle this question, about 400 ganglion cells from 
rabbits were examined, half from males and half from females. 
Half the material was stained under standard conditions with 
cyananthrol, and half with ponceau. Only sections which included 
the major part pi the nucleolus Avere examined 

In the male rabbit the heterochromatic chromocentre could 
be defined in all the cells. In the female it was throughout more 
diffuse and not so Avell developed. In many cells (nearly half of 
the number of cases reckoned) in the female one sees merely 
irregularities in the general structure of the nucleus or in the 
vicinity of the nucleolus, ivhich appear to correspond to this 
substance. 


Recapitulation. 

In ganglion cells from rabbits the author observed a nuclear 
structure containing ribodesose and ribose nucleotides as well 
as large concentrations of proteins rich in hexone bases. This 
structure thus corresponds to what was defined above (Chapter III, 
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p. 28) as a chromoccntre. That orpanellc is situated close to the 
nucleolus. During dcvelojnnent it cannot be distinguished from the 
other nuclear substances until the tune when the. large nucleolus rich- 
in nucleotides and the system of ribose nucleotides in the cijtojdasin 
has been developed. 

This cell organelle correspond.s well in structure and composition 
witlv the hetcrochromatic chromoccntre in Drosophila (Caspers- 
sox 1940—41). 

The composition of the nucleolus in Drosophila is characterized, 
in essentials, according to Ca.sperssox, by a specially liigh content 
of proteins rich in he.xone bases and ribose nucleotides. The same 
applies to the nerve cell nucleolus (see above p. 34 and Chapter I 
Part II p. 59). By measurements of the capacity for absorbing 
acid dye groups, the high content of basic proteins has been still 
more reliably determined. 

The hetcrochromatic chromocentre in Drosophila and the nuclear 
area in the ganglion cells of rabbits, o.? analyzed here, would thus scon 
to be identical structures. 

Furthermore the observations thus made strongly support the 
assumption, based on the Drosophila material, that the major part 
of the nucleolus material is formed in the hcterochromatic nuclear 
section. The above reported studies of the nucleolar development 
are in good correspondence with such a mechanism. 

The earlier cytological literature, for natural reasons, contains but 
scanty data regarding observations of structures in nerve cell nuclei 
which might be supposed to correspond to this analyzed chromcentre 
area. Levi (1896) described acidophil bodies in the vicinity of the 
nucleolus in ganglion cells, and Cajal (1911) states that, on impregnation, 
minute Ag-rcducing particles in this nuclear area can often be observed. 
Saguchi (1930) describes weakly acidophil and basophil structures in 
ganglion cell nuclei, which iu cytological character seem to resemble 
the chromoccntre area analyzed here. Saguchi calls them nucleo- 
nephcliura and considers that they migrate out into the cj^ioplasm, 
where they form a so-called cytonephelium, which in turn gives rise to 
Nissl’s bodies. 


7. Distribution of Nucleotides in Neural Tube 
and Spinal Cord. 

The distribution in general of nucleotides within neural tubes 
and spinal cord also reflects the different intensity with which the 
endocellular processes of development, described in detail in the 




Fig. 15. Outline ^^e^v of Carnoy-fixed spinal cord rudiment from a 3 mm'rat 
embryo. Note the nucleotide-rich zone close to the central canal. Magnification 
200 X. Objective aperture 0.20. Condenser 0.20. 



Fig. 16. Micro-incineration of spinal cord rudiment from a 5 mm rat embryo in 
the dark field. Corresponding to the parts absorbing at 2 600, large amounts 
of ash. Magnification 40 X. 
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Fig. 17. Outline view of Cnrnoy-fixed spinal cord rudiment from a 23 mm rnt 
embrj’O. In the anterior horns we see the young nerve cells with large aggregations 
of ribose nucleotides in the cytoplasm. Thc.v form dark patches in the anterior 
horn, otherwise poor in nucleotides. Magnification 200 X. Objective aperture 0.20. 

Condenser aperture 0.20. 
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preceding section, are carried on in different parts of the nervous 
system. 

Fig. 15 shows an ultraviolet photograph of a section from a 
neural tube in a 3 mm rat embryo. The pillar zone close to the 
central canal contains chiefly bipolar and unipolar neuroblasts as 
well as vigorously growing spongioblasts with a large mitotic 
frequency. All these cells have a rather high content of ribose 
nucleotides in the scanty cytoplasm and a large amount of ri- 
bodesose particles in the nuclei, and all of them lie closely packed 
together. This accounts for the intensely dark appearance of the 
pillar zone in the ultraviolet picture. 

Close to the marginal layer lie largish multipolar neuroblasts, 
whose nuclei contain a minor amount of ribodesose elements, and 
in whose cytoplasms the nucleotide concentration is still rather 
low. They have comipleted their last division, and increase in 
mass. In the ultraviolet picture they show as a light zone. 
Fig. 16 is . a micro-incinerated section, photographed in the dark 
field, of a spinal cord rudiment from a rat embryo 5 mm in 
length. The residues of ash are largest in the pillar and mantle 
zones and correspond to the large amounts of nucleotides in those 
areas. 

At a later stage of development sharply defined dark islands 
appear in the ultraviolet pictiure in the previously light zone close 
to the marginal layer. They consist of the young anterior horn 
cells, which during stage III have developed nucleotides in large 
concentrations in the growing cytoplasms. See Fig. 17, which is a 
spinal cord rudiment from a 23 mm rat embryo, photographed 
at 2570 A. In the ultraviolet picture the dark band in the former 
piUar zone has almost completely disappeared. 

At the adult stage the nucleotide islands at the anterior horns 
have increased in volume: in the ultraviolet picture they form 
large dark areas, whilst the previously dark zone in the area 
close to the central canal has completely vanished. 

These changes in the distribution of nucleotides within the 
spinal cord rudiment reflect, broadly speaking, the intensity in 
the growth of the cells at the different stages of development. 
The occurrence and distribution of the two types of nucleotides 
furthermore correspond to the different periods of growth in the 
development of the nerve cell. In the zone close to the central 
canal the nucleo’tides consist particularly of ribodesose nucleotides 
in the nuclei, and assist in the development of the cell. In the 

4 — i31417 
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future anterior horns, on the other hand, the nucleotides consist 
mainly of the polyribose nucleotides lying in the nerve cell cyto- 
plasm, which assist in the growth of the cell during stage III. 

8. Surrey of Results. 

The investigations reported here, with the cytochemical methods 
described in Chapter II, arc concerned with changes in the nucleo- 
tide and protein content of the nerve cell during the embryonal 
development, as well as with the cytochemical details during the 
course thereof. 

During the embryonal development the nerve cell undergoes an 
immense increase in volume, to which there is no parallel in other 
somatic cells. Only the oocyte can show a similar increase. 

The unipolar neuroblast has a poorly developed cytoplasm, con- 
taining ribose nucleotides and proteins in moderate concentrations. 
The nucleus is rich in granules containing xibodcsose nucleotides. 
In the centre of the nucleus we observe a denser accumulation 
of elements rich in ribodesose nucleotides, forming a chromo- 
centre. The average multipolar neuroblast has an about five times 
larger total amount of proteins in the cytoplasm. In the nucleus 
the above-mentioned chromocentre is left. Thus far the embryonal 
nerve cells correspond in development with other embryonal somatic 
cells. These latter cells, without any appreciable increase in sub- 
stance, assume the character of adult cells, whilst the nucleolar 
apparatus and the cytoplasmic nucleotides are reduced in size 
(termed above stage III). The embryonal nerve cell, on the other 
hand, undergoes a very rapid growth during the corresponding 
stage III, whilst the total amount of proteins in the cytoplasm 
increases more than 2000 times over. During this period a large 
nucleolus rich in ribose 7iucleotidcs appears, and a well-marhed 
apparatus of ribose nucleotides develops in the cytoplasm. 

The chronological connection between the increase of proteins 
and the nucleolar development, which on this material could be 
followed in considerable detail, is indicative of a causal connection 
between those processes. In correspondence with previous in- 
vestigations with similar methods on other cell material, the 
most probable explanation seems to be that the devehpmenl of 
the large nucleolus and the tcell-marhed cytoplasmic nucleotide 
apparatus is the very mechanism which brings about the immense 
production of proteins. 
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Tlie cytocliemical details in this “second period of growth” 
of the nerve cell were investigated on embr 3 ’'onal spinal ganglion 
cells. In these cells the nucleus is displaced towards the periphery 
of the cell, and that part of the nuclear membrane which is directed 
towards the centre of the cell is folded and rich in nucleotides. 
The endoplasmic area Indng outside this section of the nucleus 
contained ribose nucleotides and proteins rich in hexone bases 
in very large concentrations, compared with the peripheral parts 
of the cell. The function of the nucleolar apparatus had been 
previously investigated in detail by the author on the spinal 
ganglion cells of Lophhis piscatorms, which have an intensively 
functioning cytoplasmic protein-producing system. In the phase 
where the functioning was most intense, the nucleus was dis- 
placed towards the periphery of the cell, the nucleolus was mark- 
edly enlarged in volume, the section of the nuclear membrane 
facing the centre of the cell rvas folded, and close to it ribose 
nucleotides in large concentrations were observed. The same 
cytochemical picture was shown in embryonal ganglion cells from 
mammals at those stages when a rapid increase of cell protein 
takes place. This conduces to bear out the view that the marked 
increase of proteins during the embryonal development of the mam- 
malian nerve cell is effected by a mechanism which is similar in all 
cells, and that the different cjdological pictures in the nerve cells 
in question merely represent stages of different intensity in the 
C 3 doplasmic protein-forming system, extreme cases being repre- 
sented by certain spinal ganglion cells in Lophius piscatorius. 

Prior to the nucleolus we find in the protein-forming system an 
earlier part, represented bj' the heterochromatin. In this case 
the term heterochromatin, also in mammals, is applied to the 
cytochemically well definable chromatin part primarily active in 
the cytoplasmic protein-forming system, as shown by Caspersson 
in regard to certain invertebrates. In the above reported investiga- 
tions it was possible to shoio regions in the nuclei of ganglion cells 
in rabbits, which are hypertrophied chromocentre areas, and which 
presumably correspond to the heterochromatic chromocentres in pre- 
viously examined invertebrates. (See p. 46.) They lie close to the 
nucleolus and contain nucleotide particles embedded in a ground- 
substance of ribose nucleotides and proteins rich in hexone bases 
in large concentrations. In embryonal ganglion cells areas with 
this structure can be first observed after the development of the 
large nucleolus and the c}d;oplasmic nucleotide apparatus. 
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Summary, Chapter III. 

The view that the formation of cytoplasmic proteins is induced 
by the prodiiction, from certain chromatin areas, of proteins 
rich in hex one bases, which form the major part of the nucleolus 
and afterwards at the nuclear membrane, with the aid of ribosc 
nucleic acids, bring about the protein synthesis, has been based 
on collated observations of greatly varying cell material (see 
reference in Chapter II p. 10). In these investigations it has for 
the first time not only been ‘possible to deal thoroughly -mth all 
these processes on one identical cell material, but also to follow 
them during hvo different protein-forming phases, namely an early 
embryonal development and the later development of the large 
protein masses of the definitive nerve cell. The results support in 
every respect the view just mentioned and extend it by observa- 
tions of the detailed course of different processes. We are in short 
confronted here with nothing less than a universal cell mechanism. 



PART IL 


Jfiicleotide and Protein Metabolism in 
the Iferve Cell during Different 
Functional Conditions. 

Introduction. 

As lias been shown in the preceding section, the protein-forming 
system proceeds in the nerve cell, which does not deviate in this 
regard from the other somatic cells examined. The degree of 
development of the nucleolar apparatus may therefore be taken 
as an index of the intensity of the protein metabolism in the cell. 
As we are already so well acquainted with the detailed workings of 
this process in the nerve cell, scope is afforded for a finer analysis 
of that cell. 

It being obviously out of the question to examine a nerve cell 
in complete rest, investigations have been made on young, well- 
fed animals at rest, and the results of these investigations have 
been compared with those on (1) animals in intense motor ac- 
tivity and (2) animals whose afferent nerves had been exposed to 
intense irritation. 

The first step will thus be to subject the cytochemical organization 
in different adult ganglioji cells to thorough investigation. 



CHAPTER I. 


Adult Jferve Cells. 

A. L/iteratiirc. 

According to the distribution of the basophil substance in the 
cytoplasm and the intensity of its staining, different authors have 
divided the various ganglion cells into several groups. Nissl 
(1895 — 96) divided the cells, broadly S2)eaking, into somatochrome 
cells, with a inarlvcdl}’- basophil and well-developed cytoplasm and 
karyochrome cells, which have a very small amount of cytoplasm 
and an intensely stainable nucleus. According to the degree of 
density in the stained parts of the cytoplasm, Nissl divided the 
somatochrome cells into ]iyknomorphous, apyknomorphous and 
])ara])yknomoi‘phous cells. In the pyknomorphous cells the baso- 
])hil parts were densely compressed. In the apyknomorphous the 
unstained parts of the cytoplasm took up much space. Finally, 
Nissl designated as })arapyknomorphous those cells which in re- 
gard to capacity of staining were an intermediate form. In the 
literature there is a consensus of opinion that nerix cells with large 
cytoplasm, and long amns contain vmch basophil substance in the 
cytoplasm. Rasojdiil .substance on the other hand is missing in 
karyochrome cells with a small cell-body and a .short axon, such 
as the bi])olar cells of the retina and the granular cells of the 
cerebellum. 

Cajal (1911) divided the nerve cells according to the appear- 
ance of the baso])hil substance into four groups. 1. Stichochrome 
cells with coarse granules of basophil substance. They included 
inter alia the motor horn cells. 2. Arkyochrome cells with a 
reticular arrangement of the basophil substance. Purkinje’s cells 
inter alia were included in this group. 3. Gryochrome cells with 
the basophil substance in the form of granules. As a typical 
example Cajai- adduces the spinal ganglion cells. 4. Perichrome 
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cells with a ^basophil substance in the form of marginal granules. 
These include inter alia the molecular layer in the cerebellum. 

Flesch (1886 — 88) found, on the staining of nerve tissue with 
methylene blue, that even with a perfectly identical procedure 
some cells of the same type stained more intensively than others. 
He presumed that the chromophil and the chromophobe cells 
represented functionally quite different types of cells. Nissl 
(1894, 1895 — 96) considered that he could confirm this observa- 
tion. In a later work (1896) he expressed the view that the picture 
of the chromophil cells had arisen fost mortem in an artificial 
way by the technical treatment of the tissue, and that they were 
thus to be regarded as artefacts. Einarsson (1933 — 35) studied 
the same problem with a method which he had elaborated for 
producing with gallocyanin-naphtazarin the basophil substance in 
the nerve-cell cytoplasm. He adheres to the view that the dif- 
ferent capacity for staining is attributable to different functional 
conditions. 

Anterior Jiorn cells. The anterior horns contain two kinds of 
ganglion cells, namely root cells, the neurites of which project from 
the spinal cord with their anterior roots, and' string cells, the 
neurites of which do not project from the spinal cord. In regard 
to the capacity for staining, the first-mentioned cells, according 
to the terminology used by Hissl, are somato-stichochrome. 
Goldscheidek and Flatah (1898) described the occurrence of 
chromophil cells in the anterior horns and considered them to be 
artificial products. Einarsson (1933) investigated, with his above- 
mentioned “specific staining method” for nerve cells, the cytology 
of the anterior horn cells. He describes pyknomorphous, para- 
pyknomorphous and distinctly chromophobe cells. 

In the spherical, light nucleus there is a large nucleolus, which 
admits of being intensively stained with both basic and acid dyes. 
According to Nissl, two nucleoli may sometimes occur, the aggre- 
gate volume of which is equal to that of the solitary nucleolus. 

Spinal ganglion cells, as previously pointed out, are examples 
of gryochrome cells with a basophil substance occurring in more 
or less fine granules. In dogs, according to Lugaro (1896), 
they can be divided into five different groups, according to the 
appearance of the basophil substance. The ones which most com- 
monly occur are large, light cells, medium-sized, light cells, small, 
dark cells and small and medium-sized cells with marked granules. 
In very small number there occur large, light cells with con- 
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ceutrically arranged granules in the cytoplasm. Yon Lemhossek 
(1897) describes, as the normal appearance of spinal ganglion cells 
in man, a finely granular form with a “Eandschollenkran?.”, 
usually situated in the peripher)’’, of more closely lying granules. 
As a deviation from this type, he regards a large, light cell 
form with a feebly stainable nucleus, a medium-sized form of cell 
with coarse granules and a small, dark cell form with a diffusely 
stainable nucleus. According to this author, the deviating cytolog- 
ical picture in this latter cell is due to greater density in the 
ground-substance of the protoplasm, and not to a larger amount 
of basophil substance. Nissl (1897) describes similar types of 
cell in the spinal ganglia of rabbits. 

Stohr (1923) states that in hematoxylin-eosin-dyed prepara- 
tions smaller, darker and more homogeneously stained ganglion 
cells are observed, as compared with the larger t}^es of spinal 
ganglion cells, which appear to be lighter and more finely gran- 
iilated. 

Saguchi (1930) distinguishes also between chromophobe and 
chromophil cells, stating that the latter arc missing in rabbits. 

Kiss (1933) reports a procedure for obtaining in ganglia the 
cytological picture of chromophil cells, which he considers to be 
of sympathetic origin. Fischer and Ranson (1933) sharply crit- 
icized the fixing method adopted by Kiss and showed the probable 
character of the results as artefacts. 

Einarsson (1933) divides the cells into a more darkly stained 
and a lighter type. 

As appears from the above, a cytological observation made 
throughout in regard to spinal ganglion cells, is the occurrence, 
on staining with basic dyes, of larger, light cells and a smaller 
form, which admit of more intense staining with basic dyes both 
in nucleus and cytoplasm. 


B. Oavii Invcstig^ations. 

1. Analyses of Anterior Horn Cells. 

In order to obtain a survey of the composition of adult ganglion 
cells, cj’tochemical analyses, with the methods described in 
Chapter II, were made on cells from well-fed healthy animals 
at rest. The material of anterior horn cells was talcen from rabbits 
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(9), cats (2) and rats (22). Fixation: Gersh’s freezing-drying 
method and Carnoy’s solution. 

For the absorption measurements in ultraviolet, cells of Nucleus 
myorliahdoticus, and among them those within the anterolateral 
group, were selected. For the purpose of measurement, sections 
including the major part of the nucleolar substance w^ere selected, 
for the following reasons. According to the investigation of Lher- 
JHTTE and Kraus (1925), the anterior horn cells have an elongated 
form and have their largest axis in the longitudinal direction of 
the spinal cord. By selecting sections including the major part of 
the nuclear substance, which in undamaged cells is situated in the 
centre of the nucleus, results of the measurements in the nuclear 
substance from different cells can be compared in regard to the 
content of nucleotides and proteins. 

Altogether 30 measuring series in ultraviolet w’ere arranged. 
For the Feulgen reaction, in a nmnber of cases, the same sections 
as for the absorption measurement w^ere used. The cytochemical 
examinations of these anterior horn cells from the different ani- 
mals corresponded very well, whence merely one serial investiga- 
tion from the anterior horn cells of a rat need be adduced by 
way of example. 

These results of the examination of anterior horn cells from 
different animals, with methods similar to those adopted here, 
have been reported in a previous work (Landstrom, Caspersson 
and WoHLPART 1941). It was established that the nucleolus con- 
tained large concentrations of ribose nucleotides, and in the cyto- 
plasm there were likewise large concentrations of those nucleo- 
tides. On subsequent staining ndth basic dyes, it ^yas found that 
the distribution of the aggregations of cytoplasmic nucleotides 
corresponded with the cytological picture of Nissl’s bodies. 

Ultraviolet microscopy. The cell adduced as a t}q)ical example 
is shown in Fig. 18. It was fixed in accordance •with Geesh’s 
freezing-drying method and was photographed at 2570 A. The 
nucleolus shows an intense absorptive power, -n-hereas the nuclear 
substance in general has a feeble absorbing capacity at this 
wave-length. The cytoplasm as a 'wFole is marked by a very high 
absorptive power. 

Absorption measurements. Fig. 19 show's a group of absorption 
spectra, and the chart indicates the measuring points in the 
cell. 

The nucleolus. In the curve in Fig. 19, w'hich has been taken 
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at a central point in the nucleolus, there appears a distinct 
absorption maximum at 2600 A, indicating a high content of 
nucleotides. Above the nucleic acid curve proper "we observe a 
protein band at 2800 A, as a bulge in the profile of the curve. 
The tyrosin maximum lies near 2900 A. Dye-binding tests shoved 
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Fig. 19. Absorption spectra from points in the anterior horn cell from a rabbit, 
illustrated in Fig. 18. The diagram shows the measuring points. 

that the nucleolus had a very marked tendency to bind acid dye- 
groups as compared tvith other parts of the cell, except the chro- 
mocentre (see Chapt. Ill, p. 45). This shows the markedly basic 
character of the protein in the nucleolar substance. 

Tim remaining nuclear suhstance. Fig. 19, curves 2 and 3, shows 
two absorption spectra taken at points in the remaining nuclear 
substance, curve 2 being from a point near the nucleolus, and curve 
3 from a point near the nuclear membrane in the same cell. The 
measuring points lie in a straight row and the measurements were 
taken in immediate succession to one another. 





Kg. 20. Spinal ganglion cell, large type, rabbit, frozen-dried. Magnification and 

optics as in Fig. 18. 


Hxd6n: Protein metabolism in the nerve cell 




Fig. 22. Spinal ganglion cell, medium-sized type, rabbit, frozen-dried. Jlagnif- 
ication 1,130 X. Objective apertyre 0.S5. Condenser aperture 0.0. 



Fig. 24. Spinal ganglion cell, small type, rabbit, frozen-dried. Note that the nuclear 
substance in this type of cell has a more intense absorptive power at 2 600 A 
than the large and medium-sized type. Magnification and optics as in Fig. 22. 
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The ground-substance of the nucleus has another type of ab- 
sorption than the nucleolus. No distinct nucleic acid band appears, 
but a low absorption band at 2850 A dominates. The tyrosin 
maximum lies near 2900 A. The tests showed a certain capacity 
for binding acid dye groups, which however, as compared with 
the nucleolar substance and the chromocentre, was not marked. 
An analysis of the absorption spectra 2 and 3 in Fig. 19 shows, 
however, that the protein concentration is merely about 2 — 4 
per cent, Avhich explains the relatively -weak affinity for acid 
dye groups. The result agrees -well "with the absorption mea- 
surement data, -which indicated the occurrence of proteins rich 
in hexone bases in smaller concentrations. As the height of the 
specific absorption band is directly proportional to the amount of 
substance, it -vnll be seen directly from the curves that the con- 
tent of protein substance is larger nearer the nucleolus than further 
out towards the nuclear membrane. 

Cytoplasm. Curves 4 and 5 show^ some absorption spectra from 
points at different parts of the intensely absorbing cytoplasm. The 
curves have very pronounced absorption maxima at 2600 A, in- 
dicating large concentration of nucleotides. At 2800 A a marked 
protein band appears. The tyrosin maximum lies at 2870 A. 
Staining tests -n-ith cyananthrol under standard conditions show 
that the cytoplasm absorbs acid dye groups Avith great a-vidity. 
This indicates the markedly basic character of the proteins. 

The Fculgcn reaction showed that the Feulgen-positive elements 
■were accumulated -within the nucleus of the cell thus measured. 
The nucleolus gave a negative result, but at its periphery a num- 
ber of small rod-shaped particles rich in ribodesose nucleotides 
appeared. The major part of the nucleolus thus contains ribose 
nucleotides. Apart from the chromocentre area described in 
Chapt. Ill, Part I, p. 42, most of the remaining ribodesose ele- 
ments in the nuclear substance are situated close to the nuclear 
membrane in the form of small granules. 

The cytoplasm as a -whole gave a negative result. This confirms 
the observation made in previous investigations (see p. 57) that 
the large concentrations of nucleotides in the cytoplasm of the 
adult anterior horn cell are of ribose type. Subsequent staining 
■with basic dyes showed that the distribution of the cytoplasmic 
nucleotides well covered Nissl’s picture. 

Micro-incincration of similar cells from the same material yielded 
as a result large residues of ash at the site of the nucleolus and 
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the parts of the cytoplasm intensely absorbing at 2600 A. 
These results agreed well with those previously obtained. (See 
also A. Engstrom 1943.). 

The myorhabdotic anterior horn cell of Nucleus anterohtcralis 
in the spinal cord of rats shows the same cytochemical picture 
throughout. The nucleolus is large and contains high concentra- 
tions of ribose nucleotides, as well as very large amounts of 
protein rich in hexone bases. The nucleus contains proteins rich 
in hexone bases in small concentrations, and in the majority of 
the cells the protein concentration is largest close to the nucleolus, 
diminishing towards the nuclear membrane. The difference, though 
not large, is quite measurable. The cytoplasm contains large 
amounts of ribose nucleotides, the disposition of which cor- 
responds to the cytological 'picture of Nissl’s bodies. It thus 
includes remarkably large amounts of protein rich in hexone 
bases. 

This composition and distribution of nucleotides and proteins 
was shown also by the root cells of rabbits, guinea-pigs and cats. 

2. Analyses of Spinal Ganglion Cells. 

The material consisted of spinal ganglion cells from 16 rabbits. 
Most of the animals were killed by decapitation, but some of them 
by embolizing with air through an ear vein. For this purpose a 50 
cc Record squirt and a thick needle were employed, whereby it 
was possible at once to blow in a sufficiently large volume of air 
in order to kill the animal instantaneously. The spinal ganglia 
were extracted and immediately fixed. Most of the ganglia were 
fixed in accordance nuth Gersh’s freezing-drying method; the 
Carnoy solution was also used. 

Altogether some forty ganglia were examined. For measuring 
in ultra\dolet, the author selected such sections as included the 
major part of the nucleolus, and where the chromocentre area 
previously analyzed, was so little developed that measuring 
points in the remaining nuclear substance could be selected in 
the area from nucleolus to nuclear membrane, which was free 
from chromocentre substance. 

The sections were taken, in the order of enumeration, for ultra- 
violet microscopy and absorption measurements; the Feulgen reac- 
tion; measuring of the capacity for binding acid dye groups; and 
staining with toluidine blue-erythrosin in accordance with the 
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usual histological- teclinique. In measuring this material 42 series 
were arranged in accordance -with the methods above described. 

In reporting the results, it wiU be convenient to di-vide the 
cells according to their size into three groups. (The maximum 
and minimum diameter of the average cell within each group 
of the analyzed cells is given in brackets.) 

A. Large cells (58 X 52 [i). 

B. Medium-sized cells (42 x 38 [i). 

C. Small cells (29 X 29 /i). 

The results of the investigations of the cells within each of 
these groups and also of the ganglion cells fixed in different ways 
were in correspondence. (In regard to the differences in absorp- 
tion measurements due to the fixing method adopted, see p. 16.) 
It should, therefore, suffice to adduce, as typical examples, the 
results of a serial investigation of a spinal ganglion cell from 
a rabbit, fixed by Gersh’s freezing-drying method. 


A. Large Cells. 

Ultraviolet microscopy. The cell in Fig. 20 is unstained and was 
photographed at 2570 A. The nucleus is spherical and lies cen- 
trally in the cell. The large nucleolus absorbs intensely, whilst 
the nuclear substance in general is marked by a feeble, apparently 
uniform, absorption. The nuclear membrane is distinguished by a 
thin, regular, absorbing line. The cytoplasm absorbs more intensely 
than the nuclear substance, but feebly in comparison with the 
cytoplasm in the large root cells. The cytoplasm has a zone -with 
a somewhat feebler absorptive capacity in the immediate vicinity 
of the nucleus and at the periphery of the cell. 

Absorption measurements. Fig. 20 shows absorption measure- 
ments from different points in the cell. The chart indicates 
the measuring points. 

The nucleolus. Curve 1 is from a point situated centrally in the 
nucleolus. At 2600 A a marked nucleotide band appears. From 
that point the curve falls towards long wave-lengths, and at 
2800 A a marked protein band is seen. The tyrosin maximum 
lies at 2870 A. The results of the measurement of the capacity 
for binding acid dye groups have been reported in detail in 
Chapt. Ill, Part I, p. 45. These investigations showed that the 
nucleolus had an affinity for acid dyes which far exceeded that 
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of the other structures in the ganglion cell, except the chromo- 
centre. From this it may be inferred that the nucleolus contains 
nucleotides and proteins rich in hexone bases in large concentra- 
tions. 

The remaining nuclear substance. Curve 2 is taken at a point 
near the nucleolus, and curve 3 at a point near the nuclear 
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Fig. 21. Absorption spectra from points in tlie spinal ganglion cell from n rabbit, 
illustrated in Fig. 20. The diagram shoivs tho measuring points. Curve 5 indicates 
that the outermost layer of the cytoplasm mainly contains substances with the 
absorption typo of tho congulablo proteins. 


membrane. Nucleotide bands arc lacking in both curves. At 
2800 A ^Yeak protein bands appear. The tyrosin maximum in 
both cases lies near 2900 A. Investigation of the binding capacity 
showed that the nucleus substance had a certain tendency to bind 
acid dye groups.This capacity, however, was slight as compared 
with that of the nucleolar substance and the chromocentre. This 
agrees very well with the results of the absorption measurements, 
and the combined investigation procedure shows that the nuclear 
substance contains proteins rich in hexone bases in small con- 
centrations. 

An analysis of the curves shows that the protein concentration 
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close to tlie nucleolus is nearly twice as large as in the vicinity of 
the nuclear membrane. 

The cytoplasm. Curve 4, Fig. 21, is taken at a point in the 
cytoplasm between the nuclear membrane and the jjeriphery of 
the cell. At 2600 A a distinct nucleic acid band appears. At 
2570 A there is a protein band, which increases the breadth of 
the absorption maximum at 2600 A. The absorption measure- 
ment thus shows the occurrence of nucleotides in moderate con- 
centrations as well as proteins with the absorption type of the 
higher proteins. In the dye-binding tests the cytoplasm showed 
a very slight tendency to bind acid dye groups, ivhich corresponds 
very well with the data from absorption measurements. 

Curve 5 is taken at a point in the cytoplasm near the periphery 
of the cell. At 2570 A a protein band appears, but no nucleotide 
band. The curve shoAvs the occurrence of proteins of the same 
type as in the remainder of the cytoplasm. 


B. Medium-sized Cells. 

Ultraviolet microscopy. Fig. 22 shows a photograph at 2570 A 
of a spinal ganglion cell belonging to the group. Apart from the 
size, it differs from the ultraviolet cytological picture of a cell of 
the large type merely by the greater absorptive power of the 
cytoplasm. 

Absorption measurements. The nucleolus. Curve 1 in Fig. 23 
is taken at a central point in the nucleolus. At 2600 A a distinct 
absorption maximum is seen. Afterwards the curve falls towards 
long Avave-lengths similarly as in the previously described absorp- 
tion spectra from nerve ceU nucleoli, which gives a characteristic 
appearance to these curves. At 2800 A a well-marked protein 
band is observed. The tyrosin maximum is situated at 2850 A. 
The dye-binding tests, as in the preceding cases, showed a great 
affinity for acid dye groups. The results thus indicate, as in the 
previous analyses, that the nucleolar substance contains nucleo- 
tides and proteins rich in hexone bases in large concentrations. 

The remaining nuclear substance. Curve 2, Fig. 23, is taken 
at a point between the nucleolus and the nuclear membrane. At 
2800 A a faint protein band is seen, whereas the nucleotide 
band is missing. The tyrosin maximum is situated at 2900 A. 
Dye-binding, tests showed a certain affinity for acid dye groups, 
which, however, was slight as compared with that of the nucleolus 
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and cliromocentre. This shows that also in this type of spinal 
ganglion cells the nuclear substance contains proteins rich in 
hexone bases in small concentrations, whereas nucleotides in any 
large concentrations could not be shown. 

The cytoplasm. Curve 3, Fig. 23, is taken at a point in the cyto- 
plasm between the nuclear membrane and the periphery of the 
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Kg. 23. Absorption spectra from points in a spinal g.anglion cell of the medium- 
sized type, from a rabbit. The nunleolus (curve 1), the nuclear substance between 
nucleolus and nuclear membrane (curve 2), and from a point in the cytoplasm 

(curve 3). 

cell. At 2600 A a distinct nucleic acid maximum is seen. At 2800 
A a protein band appears, as a bulge in the profile of the curve. 
The tyrosin maximum lies at 2850 A. In cells of this type the 
affinity for acid dye groups in the cytoplasm was considerably 
greater than in the cells of the large type. The investigations thus 
show that the cytoplasm in the medium-sized type of spinal 
ganglion cells contains nucleotides as well as proteins rich in 
hexone bases in considerable concentrations. 

C. Small Cells. 

Ultraviolet microscopy. Fig. 24 shows such a cell photographed 
at 2750 A, In the ultraviolet picture it differs from the large 
and medium-sized type of cells, especially in the fact that the 
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nucleus is marked by singularly intense absorptive capacity. The 
c^dological picture is otherwise the same. 

Absorption measurements. The absorption measurement data 
showed for spinal ganglion cells of this size-group a certain 
difference in the composition of the nuclei in different cells, 
in that the nucleus in some of the cells analyzed contained a 
nucleotide component in concentrations which it was not possible 
to show in the nuclei of the other cells. In the investigation 
material consisting of eight thoroughly analyzed series in accord- 
ance with the procedure described on p. CO, the nuclei in three 
cases showed this nucleotide component. Two absorption series 
for a couple of cells of the small tyj>e are given below. 

The micholns. Curve 1 in Fig. 25 is taken at a point situated 
centrally in the nucleolus. The curve shows the same composition 
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25. Absorption spectra from points in a spinal ganglion cell of the smaU type, 
trom a rabbit. The nucleolus (curve 1), the nuclear substance between nucleolus 
and nuclear membrane (curr*e 2) and the cytoplasm (curve 3). 

of the nucleolar substance as in the previous types of ganglion 
cells, and the dye-binding tests also gave similar results: nucleo- 
tides and proteins rich in hexone bases in large concentrations. 
The remaining nuclear substance. Curve 2 in Fig. 25 is taken 
a point between the nucleolus and the nuclear membrane. 
The curves are analogous in shape with those taken at a cor- 
responding point in the large and medium-sized type of spinal 

0—431417 
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franjilioii cells. At 2800 A a distinct protein band appears, wliereas 
no certain nucleotide band can be shown. The tyrosin maximum 
lies at 2900 A. Staining tests showed a capacity for binding acid 
dye groups which was weak relatively to the nucleolus, but 
considerable as compared with the ganglion cells of the large and 
medium-sized type. From this it follows that the nuclear substance 
contains proteins rich in hexone bases in moderate concentrations, 
whereas nucleotides in marked concentrations cannot be shown. 

The cyloplasm. Curve 3 in Fig. 25 is taken at a point in the 
cytoplasm between the nuclear membrane and the periphery of 
tlie cell. At 2600 A a distinct absorption maximum appears. At 
2800 A a distinct protein band is observed, after which the curve 
falls rapidly towards longer wave-lengths. The tyrosin maximum 
is situated at 2850 A. In the staining tests the cytoplasm showed 
a capacity for binding acid dye groups which considerably exceeded 
that of the large and medium-sized cells. The absorption bands 
moreover lie considcrabl}’- above those obtained in absorption 
measurements in the other t}'pes of spinal ganglion cells. 

The cytoplasm in the cells of the small type thus contains 
nucleotides and proteins rich in hexone bases in considerable 
concentrations. 



2^(00 2600 2800 3000 A 

rig. AfHon.Jion cpcctra from poinls in a spinnl ganglion cell of tliCBmall type, 
from n rabbit. The miclc.-.r buImIwcc between nucleolus and nuclear membrane 
(eun e 1) and the eytoplasm (cur\-e 2). Curve 1 shows a nucleotide band, unlike 
the mjcJe,ar Bubjtanco in the other types of spinal ganglion celh. 




Fig. 27. Spinal ganglion cell, large tj'pe, rabbit. Carnoy-fixed. magnification 1,150 x . 
Objective aperture 0.S5. Condenser aperture O.C. 



Fig. 28. Spinal ganglion cell, small type, rabbit. Carnoy-fixed. JIagnification and 

optics as in Fig. 27. 



HxnfiN: Protein metabolism in the nerve cell 




Fli,'. Spiii.il^piUfjiioii fell, nibbil, on ivhirb llie Fciilgen ronction luid bt-on 
jx'rfornii-ib 'I’lu' iiiii-li'nlii? is surroundeil by Foulgon-positivc jiartit’k'S. Mngnifii'ii* 

tion about 1,200 X. 



FiV. ^tO. Fpin.al t'anjrb’on wll, rabbit, inicro-imiiuTnled, pbofograpliwl in the 
*l.ar',; fii'M. t'opiiiiit rx-si'liu* nf ash at tin* site of the nucleolus, the cbromocitntrc 
and till’ jnrt< of the <-ytoplasm intensely iiljsorbing at 2 OOtt A. Tbe peripbcr.al 
parts of the eytoplasin yield no iibIi. Mngnificnlion 700 X. 
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Fig. 26 shows two absorption spectra taken in another cell of 
the same size-group. 

Tlie nuclear substance apart from the nucleolus. Curve 1 in Fig. 
26 is taken at a point between the nucleolus and the nuclear 
membrane. At 2600 A a weak, but distinct, absorption, maximum 
appears. At 2800 A a distinct protein band is observed. The tyro- 
sin maximum lies at 2850 A. The staining tests, as in the prece- 
ding case, showed a considerable capacity in the nuclear substance 
for binding acid dye groups. The nucleus in this type of cells thus 
contains a distinct nucleotide component in addition to proteins 
rich in hexone bases in considerable concentrations. 

The cytoplasm. Curve 2, Fig. 26, is taken at a point in the 
cytoplasm between the nuclear membrane and the periphery of 
the cell. In analogy with a cell of this group previously analyzed, 
it shows the occurrence of 'nucleotides and proteins rich in hexone 
bases. 


Carnoy-fixed Spinal Ganglion Cells from Rabbits. 

As pointed out in Chapter 11, Part I, p. 16, regarding the 
importance of the fixing for the result of the absorption measure- 
ment, an agent which violently precipitates protein, will give a 
larger loss of light owing to dispersion in the cell material than 
fixing in accordance with the freezing method. The curves vail 
have a steeper course. No new absorption band will, however, be 
observed, nor will any absorption maxima be effaced. 

Only in this way did the absorption spectra taken on Carnoy- 
fixed material differ from those reported above on material fixed 
by the freezing-method. As previously pointed out, those parts 
which are intensely absorbing at 2600 A, corresponding to the 
parts rich in nucleotides, will stand out in particularly sharp 
relief on the photographic plate. By way of example I show a 
spinal ganglion cell from a rabbit of the large (Fig. 27) and the 
small tjrpe (Fig. 28). 

Staining with basic dyes. In the staining of spinal ganglion 
cells previously photographed in ultraviolet light, a good cor- 
respondence between the distribution of the cytoplasmic nucleo- 
tides and Nissl’s pictures was observed. This confirms earlier 
results with similar methods (see Chapt. I, Part II, p. 57). 

(The Feulgen reaction gives one identical result for the different 
types of ganglion cells here described. The nucleolus as regards 
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the major part of its mass gives no reaction. An observation made 
tlirougliout in regard to the ganglion cells is that the Fenlgcn- 
positivc material is collected in small, rod-shaped elements at 
the periphery of the nucleolus, which thus contains ribodesose 
nucleotides. See Fig. 29. On sections which include the major 
part of the nucleolar mass these rods number as a rule about ten. 
Tliey correspond merely to an insignificantly small part of the 
nucleotide mass in the nucleolus, which amounts on an average 
according to ultraviolet data, to about 2 per cent. In photographing 
in ultraviolet at 2570 A, these small particles Avill be covered by 
the large numbers of ribosc nucleotides constituting the main 
mass of the nucleolus. On some ultraviolet photographs, however, 
one can observe isolated ribodesose structures at the periphery of 
the nucleolus, as intensely absorbing rods. 

Tlic nuclear substance in general contains a very small amount 
of Feulgen-positivc elements. They lie for the most part in the 
form of small particles assembled close to the nuclear membrane. 
On a visual e.stimatc of the number of Feulgen-positivc particles 
in the different types of ganglion cells, they appear to be approxi- 
mately ec[ual in n\iclci of different size. The larger content of 
nuclcotidc.s in some of the nuclei of the small type of cell seems 
therefore to be mainly due to ribosc nucleotides. In all the cases 
the. cytoplasm gave no reaction, which signifies that these cyto- 
plasmic nucleotides, as in the other ganglion cells, are of ribose 
tyf)c. 

^tllcro-inclncratlon. The inicro-incinctaiion of the spinal ganglion 
coll shown in Fig. 30, photograplicd in the dark field, has yielded 
a large amount of ash. This ash lies at the place of the nucleolus 
and the part.s absorbing at 2G00 A, which covered NissFs bodies 
in (ho cytologicnl picture. From the, above detailed analysis it 
is evident that the peripheral part of the ganglion cell cytoplasm 
contained a very small amount of nucleotides. This tallies well 
with the Tc.sult of the micro-incinerations, for as shown by the 
[)ho(ogra]ih, the peripheral ])atts of the cell are very poor in ash. 

Surr ey of Jtosults. 

The .spinal ganglion cells from rabbits may bo divided into dif- 
ferent groups according to size. In the cells of the different groups 
.'I characteristic distribution of nucleotides and proteins can also 
be shown. 
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The nucleolus contains large concentrations of ribose nucleoti- 
des. furthest out in its periphery one always finds a few small, 
rod-shaped elements, rich in ribodesose nucleotides. Close to the 
nucleolus, and often in close contact with it, an irregular struc- 
tureless nuclear part could be shown, which contained large con- 
centrations of proteins rich in hexone bases as well as smaller 
amounts of , ribose and ribodesose nucleotides. As shown in 
Chapter III, Part I, p. 42, this nuclear substance is analogous 
vdth a chromocentre. 

The nuclear substance in general contains proteins rich in 
hexone bases in small concentrations: they are largest round the 
nucleolus and diminish towards the nuclear membrane. In some- 
of the ganglion cells of the smaller type, ribose nucleotides could 
be shown in the nuclear substance, apart from the nucleolus. 

The cytoplasm contains ribose nucleotides corresponding to the 
cytological picture of NissTs bodies, as well as proteins in mod- 
erate concentrations. In the larger ganglion cells these con- 
centrations have the absorption type of the higher coagulable 
proteins, whereas in the smaller cells, where the concentration of 
nucleotides is larger, they have a more basic character. A narrow 
zone furthest out on the periphery contains chiefly proteins. 

In order to investigate whether there are any differences in the 
composition of ganglion cells of the three above-mentioned size- 
groups, a sirrvey has been made of the total amount of nucleotides 
and proteins in cell-bodies of these different groups. Eesults of 
the measurements of the average cell in each group, fixed by the 
freezing- drying method, are adduced by, way of example. The 
estimates are based on five absorption spectra from cells in each 
group. 

In computing the cell volume it has been assumed that the 
ganglion cells are rotation ellipsoids, and the calculations are 
made as explained on p. 30, and on sections which include the 
major part of the nucleolus. 

The larger type of the spinal ganglion cells examined here, 
reckoned as rotation ellipsoids, had an average cell volume of 
656,100 [x^, the nucleus having a volume of 17,100 [j?. The ratio 
of the nuclear volume to that of the cytoplasm was about 1 : 37. 

The average volume of the medium-sized cells was about 260,480 
yti® the nuclear volume 9,200 The ratio of the nuclear volume 
to that of the cytoplasm was about 1 : 27. 

The average volume of the smallest cells was 90,390 the 
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nuclear volume 5,570 /<=': the ratio of the luiclear volume to that 
of the cytoplasm was about 1 : 1C, 

As has also been pointed out iu the literature, the nuclear 
plasma volume index-, i. c. the nuclear volume expressed in 
]iorcentage of the cytoplasmic volume, is higher in the small 
spinal ganglion cells than in the large ones. 

A comparison between the total amount of proteins and nucleo- 
tides in the cells of these sixe-groups shows a considerable dif- 
ference between the groups. 

The table below gives the ratios of the average total amount of 
nucleotides and proteins in the different types of spinal ganglion 

Mediniu cells Large cells 

2 3 

1.5 8 

From this it will be seen that the average composition varies 
in ganglion colls of different size, and that the cells of the large 
type arc distinguished by a very considerable amount of proteins 
relatively to the two other types of cells, but by a proportionally 
stnallor amount of nucleotides. 

3. The Nucleolar System in Spinal Ganglion Cells 
from certain Fishes. 

In the ]ncviously cited cytochcmical investigations of spinal 
ganglion cells of certain fishes, Lophius piscatoriits, Gadus ami 
Gsn.r, an intense activity of the nucleolar cytoplasmic nucleotide 
system was shown. A\ hat renders these cells particularly suited 
for cytochcmical investigations is their size, and an intensive 
formation of ]>rotoin in the cytoplasm, to wliich the nucleolar 
mcchauism is connected. As we arc apparently concerned here 
with a imi versa) cell mechanism (sec the preceding chapter), 
which ill the above specified species of fish is nnusually well- 
developed, a lirief survey of the results of these investigations 
will be given licre. 

C'cHs of throe different, types could be shown in the same gang- 
lion (see the nccomjianying .sketch, Fig. 31). Tlio investigations 
indicated that the different types of cells might be stated, with 
n great degree of prnbaiulity. to corresjioml to different stages in 
a phy.-iological process. Tile fir.st stage would then be represented 
by the cell <if type I Ut in the Figure), which consiiiulcd merely 


Small cells 

Total amount of nucleotides 1 
Total amount of proteins 1 



Fig. 32. Spinal ganglion cell from LophUts piscatorius, frozen-dried. The nucleus is 
excentricaUy situated and the nuclear membrane is greatly folded wthin the part 
facing the centre of tlie ceU. Close to that area there are ribose nucleotides in high 
concentrations. The remainder of the cytoplasm is poor in such nucleotides. 


Hyd6n: Protein metabolism in the nerve cell. 
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Fig. 31. Diagram shoAving the different types of cell in a spinal ganglion from 
Lopliius piscatoriiis, corresponding to the different stages in the cytoplasmic pro- 
tein-formation in the ganglion cell. See the text. The horizontal lines indicate the 
aggregations of ribose nucleotides in the cytoplasm, the vertical lines the nucleo- 
tides of the nuclear membrane. The shading indicates the diminution of concentra- 
tion in the protein substance from the nucleolus towards the nuclear membrane. 

(From HYDf:N 1943.) 

a few per cent of tlie total number of cells in tbe ganglion and on 
an average had the smallest cell volume. In the nucleus a distinct 
diminution in the concentration of proteins rich in hexone bases 
from the nucleolus out towards the nuclear membrane could be 
observed. In the cytoplasm there were accumulations of ribose 
nucleotides which in the cytological picture corresponded to 
Nissl’s bodies. In type II A it was possible, through transitional 
forms (b and c in the Figure), close to a well-defined area of the 
nuclear membrane, to follow the formation of an accumula- 
tion of ribose nucleotides in the cytoplasm, “nuclear-membrane 
nucleotides”. The nuclear membrane within this section was ir- 
regularly folded. In the remainder of the cytoplasm the content 
of both nucleotides and proteins was greatly reduced. On staining, 
the picture of a chromatolysis was obtained. The nuclear sub- 
stance in type II A was both absolutely and relatively better 
developed than in type I, and contained larger concentrations of 
nucleotides and especially of proteins rich in hexone bases. Be- 
tween the nucleolus and the nuclear-membrane nucleotides the 
concentration of proteins rich in hexone bases was several times 
larger than in other parts of the nucleus. This showed a process 
in which both the nucleolus and the nuclear membrane were in- 
volved. In tj’pe II B (Fig. 32 shows an ultraviolet photograph of 
such a cell) a reduced concentration could be shown in the tongue- 
shaped, prolonged part of the nucleolus, containing proteins rich 
in hexone bases and, to a smaller extent, ribose nucleotides. 
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w]iicli indicates a migration of protein substance ricli in liexone 
bases from the nucleolus in the direction of tbe irregular section 
of tbe nticlcar membrane. The connection between nuclear- 
membrane nucleotides and this activity of the n\icleolus was in- 
dicated by the fact that the former began to be developed at the 
stages when the characteristic distribution of jjrotcins in the 
nucleus could first be .shown, and reached its greatest develop- 
ment when the nucleolar jdienomena were mo.st pronounced. 

The correlation between the nuclear membrane nucleotides and 
the synthesis of the cytoplasmic proteins was apparent from the 
determinations of the total amounts of proteins in the cells. These 
.‘ihowed in fact a marked increase of C}’toplasmic proteins during 
the development from type I through the intermediate stages up 
to type II. From this it mis conchidcd that the formation of cylo- 
jdasmic proteins was induced hy the migration of protein substance 
rich in herone. bases from the nucleolus out towards the nuclear 
membrane, where the formation of ribose oniclcotidcs tnJees place. 
In the ganglion cells, type 11 , Ijophius 'pisentorius, for example, 
the nucleolar mechanism functions intensively, and in this proc- 
e.ss a limited ])art of the nuclear membrane participates. In type 
I the nucleolar mechanism functions, relatively speaking, in but 
a slight degree, and the entire nucleus is involved. 

Ganglion cells, type II, from other fishes, Gadus and Esox, were 
likewise, analyzed. They represented merely a small number of the 
cells. The major part of the ganglion cells resembled those of type I. 

The ganglion cells in spinal ganglia from these species of fish 
are typical examples of colls with an intensively functioning 
nucleolar mechanism, through which a formation of cytoplasmic 
proteins is carried on with the aid of basic protein.s. 

As appeared from the analy.ses of ganglion cells from rabbits, 
they have a composition similar to that of the above-described 
cells of type I. 


Summary, Cliapter I. 

The adult myorhabdotic nerve cells from the anterolateral 
group in the anterior horn of different animals sliow the same 
cytochemical picture throughout. The same applies to the different 
type.s of spinal ganglion cells. All tho..sc cells are distinguished by a 
well-developed nucleolar- cytoplasmic nucleotide apparatus. 



CHAPTER II. 


Cytological Changes in Nerve Cells during 
Different Functional Conditions. 

The results of the investigation of the distribution of nucleo- 
tides and proteins in a large number of adult nerve cells from 
different mammals at rest have been reported in the preceding 
chapter. The results in the various types of cells were throughout 
in correspondence, and will be referred to in the sequel as “stan- 
dard organization”, as compared with cells in other functional 
conditions. 

Investigations were thus made of motor nerve cells from ani- 
mals in intense motor activity, on sensory nerve cells from ani- 
mals exposed to intense irritation of those nerves, as well as on 
motor and sensory nerve cells after excision of the neurite. 

1. Fatigue tests on motor tierve cells. Mann (1894) examined the 
P3T:amid cells in the motor cortex and the motor nerve cells in 
the spinal cord of dogs who had been made to perform intense 
muscular work, carried to complete exhaustion. In the pyramid 
cells he observed a distinct diminution in the capacity of the 
cytoplasm to take up basic dyes. In some cells the cytoplasm 
showed the picture of chromatolysis. Besides this, the cells were 
remarkably pale. In the motor cells of the spinal cord most of the 
nuclei stained much more intensely than in the control animal. 
The nuclear contour was moreover irregular. In the cytoplasm 
the same picture of chromatolysis as in the pyramid cells was 
observed. Gtjeerini (1899 — 1902) found the same changes in 
dogs which had been made to rvm to complete exhaustion. The 
anterior horn cells showed a picture of chromatolysis. The nuclei 
were remarkably large and excentrically situated in the cell. Some 
nuclei were irregularly shaped. The nucleolus in the cells is de- 
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M-riiied l>v (JuKunixi ns rc(i(Ulij stainabic with basic dyes and larger 
than in tie corresponding cells of the control animals. 

Holmks (1003) examined motor cells in the spinal cord of frogs 
which had been strychnized according to Verworx. Tlio experi- 
mental animals were killed at different times after the spastic 
cram]> had set in. In order to study the effect of a protracted 
supply of strychnine and lack of oxygen, the blood was replaced 
bv a physiological salt solution and the experimental conditions 
were kept constant. In the cells the principal changes consisted 
of a pori])heral displacement of the nucleus, and an increase 
in its size, as well as in that of the nucleolus and the cell- 
body as a whole. The stainability of the cytoplasm with basic 
•Ives was greatly reduced. Holmes contended that the nerve 
cell changes had not been directly caused by a toxic effect of 
the strvchninc, but in all probability were due to the increased 
motor effort. 

Ganglion colls with long axons have 6n an average a larger 
volume than those with .short axons. According to Heidexiiaix 
(10 11), there is a distinct correlation between the total amount 
of basophil substance in the. cytoplasm and the plasma volume. 

Doi,i.ey (1013) examined ganglion cells from crayfish which 
had been made to perform strenuous muscular work. Hu could 
observe a distinct, increase in the ganglion-cell volume in the 
exhausted animals. 

Teuxi (1920) compared the ganglion cells in the last cordal seg- 
mcnt.s and in the cervical segments of the extremities. He found 
a very considerable difference in size. The cervical culls were 9 — 
23 time.s larger. Also the shape was different. The cervical cells 
were more rounded-off and had larger processes than the cordal 
ones, which were small and narrow. The results indicate the cor- 
relation between the size of the innervation area and the ganglion- 
ecll volume. 

JCix.ARS.sox (1033) examined anterior horn cells of rabbits in 
which, by a suitable do.sage of ether during narcosis, he could 
produce running movements with “alternating flexion-crossed ex- 
tension”. On dyeing with gallocyanin, the author considered that 
he could observe that the motor cells which enervated the limbs 
in rigid extension showed a chromophobe picture, tlie motor cells 
of the fic.vcd extremities a cihromophilc picture. Eixars.sox in- 
ferred from his experiment.s that central excitation and inhibition 
were represented bv a nerve cell wliieh w/iq 
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cliroinoijliile, respectively. As for tlie picture of a parapyknomor- 
phous cell, lie held that it corresponded to an “indifferent resting 
cell”. 

Durken (1911) extirpated the rudiments of the extremities in 
frogs and established that the spinal ganghon cells in question 
were considerably smaller than under normal conditions. Terni 
(1920) made extirpation experiments on )Saurians and found 
that on the regeneration of the tail a considerable hypertrophy 
of the ganglion cells occurred in the segments from which the re- 
generating parts were innervated. Agduhr (1920), in working tests 
on animals, noted a considerable increase in the size of the gang- 
lion cells. These tests argue strongly in favour of a connection 
between the size and the function of the nerve cells. 

2. Fatigue tests on sensory nerve cells. Light tests. Pergens 
(1897), Mann (1898), and Carlsson (1902) exposed the retina of 
dogs and birds to light, and found that the capacity of the gang- 
lion cells for stainmg with basic dyes was considerably reduced. 
In the opinion of these authors, the results show that the chromo- 
phil substance is consumed during activity and is stored in the 
cell during rest. 

Electrical irritation of nerve centres has been employed on a 
large scale in experimental investigations of nerve cells. The re- 
sults are throughout fairly uniform. Hodge (1894), Vas (1892), 
Mann (1894), Nissl (1894, 96 — 97), Pick (1898), Luxenburg 
(1898), Holmgren ri899, 1900). On moderate irritation for some 
minutes an increase in the volume of the cell-body, cell nucleus 
and nucleolus and a peripheral displacement of the nucleus could 
be observed. The basophil substance in the cytoplasm diminished. 
The tendency of the cytoplasm to absorb acid dyes was very con- 
siderably reduced, and the basophil substance was seen to be dif- 
fusely distributed over the entire cytoplasm. After protracted 
electric irritation up to ten hours, a decrease in the volume of the 
cell-body and nucleus could be observed. The nucleus, on being 
stained, stood out darker than the cell-body, and often had an 
irregular contour. In the cytoplasm the chromatolysis was still 
more pronounced. 

Korybutt-Daskiewicsz (1899) and Holmgren (1900) state 
that the eosinophil substance in the nucleus increases on elect- 
rical irritation. On electrical irritation of sympathetic ganglion 
cells, according to Hodge (1894) and Eve (1896), changes of the 
same type, no less pronounced, could be observed. Scarborough 
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(1938), on electrical irritation of sympathetic canglia, Avas unable 
to observe any change in the appearance of Nissl’s bodies. 

Lugako (1805) gives a careful description of cytological changes 
and modifications in the volume of ganglion cells of Gangl. ccr- 
vicalc sup. in rabbits. 

As an irritant Lvoaro employed faradic current of a strength 
“wliich is scarcely felt on the tongue”. On irritation up to half an 
hour Lvgaro found an increase in the largest diameter of the nerve 
cel! with a inaximiun after fire minutes at C.co per cent. If the irrita- 
tion was continued, a reduction could be observed with a maximum 
after six liours, at 16.. ''>3 per cent. The largest diameter of the nucleolus 
could also he shown to increase after five minutes and amounted 
to 12.4 0 per cent. After si.v hours’ irritation a shrinkage of the nucleolus 
by 1.12 per cent could be observed. Similar, though loss marked, 
changes could be sliown in regard to the nucleus, 

LuoAno oh.soivod an cidianccmcut of the capacity of the cell 
body for absorbing basic dyes so long as the irritation Avas accom- 
panied by an increase in the size of the cell. He stated also that 
the amount of basophil particles had increased, and that this 
could particularly be obscr\’cd round the nucleus. After protracted 
irritation, the cells stained poorly Avitb basic dyes. 

Lugaro infers from those experiments that activity is accom- 
panied by an increase in the size of the nerve cell, Avhilst fatigue 
is accompanied by a decrease. The correspondence of the cytolog- 
ical changes in the ganglion cells to the functional conditions in 
the above cited experiments Avith electrical irritation, Avas inter- 
preted by PuGXAT (1898, 1901) and van Geiiuchten (1897) 
briefh' as folloAA's; 

Tlie morphological indications of the irritation are an. enlarge- 
ment of the volume of cell-body and nucleus, reduction and dif- 
ftj.sed distribution of biissr/s bodies and a displacement of the 
nucleus toAA'ard.s the periphery. The cxhaAistion is morphologically 
represented by a decrease in the volume of cell-body and nucleus, 
Avhilst the nuclear membrane is irregularly outlined and Nissi/s 
bodies become still paler. 

Linak-ssox (1933) irritated the cells in Nucleus Itypoglossi 
farndir.nlly for nine hours Avith a frequency of 20 per second. On 
subsequent .staining with gallocyanin, he obscrAmd that in the 
irritated cells Nis.sl’s bodies were weakly stainable, Avhereas the 
nuclei had a greater tendency to take up basic dyes than the 
nuclei in corres|K)nding non-irritated cells. 
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i. Itelrorj rude reaclion. Tlie reaction of the nerve cell after 
excision of the axon, Mssl’s “primary irritation”, lias been dealt 
with in a- number of works. Extensive studies of this question 
have been made for example, by Nissl (1892 — 94), Lugaro (1895), 
Marixesco (1897), Ballet and Dutil (1897) and vax Gehuch- 
TEX (1897 — 1906). i\Iost of these investigations were made on 
motor cells. 

The course of the cell changes can be divided into two phases. 
During the first phase the chromophile substance in the cyto- 
])lasm disappears and, on staining with basic dyes, the nerve cell 
assumes a diffuse blue tint. NissTs granules are observed only on 
the periphery of the cell. According to vax Gehuchtex, this dis- 
solution begins round the nucleus and spreads towards the periph- 
ery. According to jMarixesco, the first changes are discerned 
in the vicinity of the axon hillock. At this stage the nucleus is 
situated near the periphery of the cell. The nuclear membrane in 
some cells looks irregular and thickened, and after 24 hours the 
entire cell assumes a rounded outline; the changes culminate after 
the lapse of 8 — 15 days. The recovery phase then gradually sets 
in. During this phase chromophile substance, first observable 
round the nucleus, reappears. The NissTs granules newly formed 
around the nucleus are readily stainable. After some time the 
nucleus gradually assumes its previous central position and the 
cell-body recovers its former outline. The recovery phase seems 
to terminate after the lapse of 110 — 120 days. 

Thorough investigations of the changes in the number of cells 
after nerve excision are not available. Vax Gehuchtex failed to 
find any certain difference in the number of ganglion cells in the 
two hypoglossal nuclei a }'ear after unilateral excision of the 
peripheral nerve. 

That the central reaction depends on the place where the 
axon is cut had already been shown by the earliest investigations 
(Forel 1891, Nissl 1892). The closer to the centre the injury 
done to the axon, the more serious the cell lesions and the larger 
the number of cells which degenerate and are phagocyted. Wohl- 
fahrt and Sallstrom (1939) found that the rapidity with which 
the retrograde cell reaction set in after nerve excision was in 
proportion to the extent of the excision. If the nerve is totally 
VTcenched out, all the cells degenerate and no cells in the recovery 
stage can be observed. Marixesco (1897) attempted to divide 
the retrograde reaction into two stages according to the position 
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in the cell where the first chromatolysis was observed. AVIien 
the dissolution of the chromophile substance could first be ob- 
served in the periphery, as after severe intoxications and poison- 
ings (see below), he termed this stage “primary lesion . ^^'hen 
the chromatolysis first appeared perinuclearly on the excision of 
the peripheral nerve, ^Iarixesco termed this “secondary lesion"'. 
This theory was subjected to severe criticism (Ballet 1896, 
Ewixg 1898). According to these authors, central dissolution 
and peripheral displacement of the nucleus could be observed 
in most cases of “secondary lesion”, and no division into primary 
and secondary lesion could be made. According to vax Gehuchtex 
(1897), incipient dissolution of chromophile substance should be 
regarded as a sign of a slowly commencing lesion, and perinuclear 
dissolution as an indication that the lesion had suddenly set in. 

According to vax Gehuchtex, there is a distinct difference 
between tlic reaction of the motor and the sensory ganglion 
cells after excision of the peripheral nerve. He states that in both 
cases a chromatol}Tic reaction develops, which in the motor 
cells passes into a recovery phase, but in the sensory cells is 
succeeded by degeneration and complete destruction of the cells. 
According to this author, the explanation was that the motor 
celLs after the excision continued to receive "trophic stimuli”, 
whereas such stimuli were lacking in the sensory cells. Lugaro 
(1895), in investigations of spinal ganglion cells, found cells in 
all .stages of chromatolysis a fortnight after the excision. He 
.stated that after the lapse of 35 days the number of ganglion 
cells had greatly diminished. The intact-looking cells predominated 
and, in his opinion, had been produced by a recovery phase. 
After excision of the posterior roots he could not observe any 
retrograde reaction in the ganglion cells. Vox Gubdexs (1870) 
.•showed that nerve cells in new-born animals were very sensitive 
to injury of the axon. Excision produced as marked an effect as 
removal of the whole nerve in adult animals. In new-born animals 
the retrograde reaction proceeded with great rapidity. Vax 
Gr.rrt.CHTEx noted that a cytological picture similar to that 
observed in retrograde reaction, with chromatolysis and periph- 
eral localization of the nucleus, could he seen in embryonal cells. 

According to Heidexhaix (1911), there is a direct connection 
a-tween the retrograde reaction of the ganglion cell and the 
peripheral reaction in the nerve. Noting the curious fact that 
long after a nerve excision a number of ganglion cells may, in 
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certain cases, be found to have atrophied, whilst the remainder 
look intact or are in course of recovery, he expressed the \’iew 
that this depended on whether the growing axons had reached 
the peripheral nerve-end or not. This author considered that the 
function of the chromophil substance in the nerve cell was to 
supplement the acthdty of the nucleus, whilst the retrograde 
reaction was due to a disturbance of the nucleus-plasma relation. 
Bethe (1903) stated that in motor cells an incipient restoration 
could be observed from the 18th day after the excision of the 
nerve, even if the nerve-endings did not heal. 

According to Spielmeyer (1922), the recovery-phase pictures 
in the motor cells of the spinal cord disappeared during the course 
of the first year after the amputation of an extremity. This author 
insisted that the changes in the nerve cell had no connection with 
the regeneration in the peripheral parts. If a central axon was 
ruptured, the ganglion cell might be restored, although there 
would be no regeneration of the interrupted course. 

Spatz (1920) considered that the process in the nerve cell 
during the retrograde reaction consisted mainly in the absorption 
of fluids in the cell and its consequent swelling. According to that 
author, the process in the axis-cylinder is analogous with the 
swelling of the nerve ceil. SIarinesco (1930) likewise considers 
that the chromatolysis picture is due to the absorption of fluids 
in the cell. 

In regard to the exact nature of the retrograde reaction there 
is a divergence of opinion. According to Nissl and Marinesco, 
it is due to atrophic changes. Van Gehuchten contends that it 
results from a simple ceU disturbance which has affected the 
chromophile substance, a process to which the nerve cell reacts. 
Spatz and Spielmeyer share this view. 

Poisoning tests and investigations. Cytological changes similar 
to those observed in retrograde reaction have been noticed 
after poisonings and in other pathological conditions (Ewing 
1898, Goldscheider and Flatau 1898, van Gehuchten 1906, 
Sjowall 1903, Spielmeyer 1922, Bielschowsky 1935). The 
cytological picture in these various conditions corresponds well 
to Nissl’s designation: acute and grave nerve-cell lesion. In both 
these forms the picture of a more or less marked chromolysis can 
be observed. The "grave nerve-cell lesion” is marked particularly 
by a distinct change in the stainability of the nucleus, which is 
rapidly enhanced so that the nucleolus can scarcely be distin- 
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i-ui^liecl lioinul the nucleus in the cells thus changed, caps of 
husophil substance can be observed. SrATZ (1923), however, 
questions whether those formations are analogous with Nissl’s 
liodies. as fuchsin light green stains them red and not, as the 
Nissl s i)odies, green. . 

One of the most thorongii cytological investigations in this 
field is SjOwaee’s (1903) investigation of the nerve cells in the 
spinal cord from a case of tetanus in man, which, after three days’ 
increasing convulsions, went od morfevi. All the motor anterior 
horn coll.s showed distinct morbid changes. The cells appeared 
rounded and inflated. Tiie nuclei in most cases Avere near the 
])erij)hcry of the cell. The nucleolus Avas considerably enlarged. 
In cells with cxcentrically .situated nuclei a flattening of the 
contour was observed tOAvards the centre of the cell. Within the 
flattened area the nuclear membrane aa’OS basophil, in contra- 
dis(ino(ion from the other parts, Avliere it Avas acidophil. In the 
cyfopIa.«m a severe chromatolysis prcA'ailed. In some of the cells 
tiicsc. procc.sscs .seem to have gone further, in that the cells shoAved 
a concavity in the outline of the micleiis. The nuclear membrane 
Avithin that section Avas irregularly spinosc. In the adjacent 
cytoplasmic area there Avas an accumulation of basophil substance, 
Avlitcli, with its itdense coloration, glaringly contrasted Avith 
the .surronncling cytoplasmic mass. In Sjoavaeu’s opinion, these 
pictures shoAv Iioav the nucleus, by morphologically observable 
changes, particijiates in tlie cellular actmty. The accumula- 
tions of basoplul substance in the A'icinity of the peripherally 
.';itu;it('d nncici arc considered by him to be Nissl’s bodies ncAvly 
rorme<l by the nucleus. SJdWAT.t/s pictures greatly re.scmble 
tlic cells changes in Lephius piscatorim described by Hoemcrkn 
(]. 5i'9). and lie endorse.? IIoiAfGUEx’s Anew that similar pictures 
arc indicative of the uoaa' formation of Ni.ssl’s bodies in the vicinity 
of the nnrleti.s. 


1 he A'icAv that chronmtolysis in nerA'c cells is to he regarded 
a transitory cel! reaction, and not as any form of degeneration, 
very strongly supported by Goedscheider’s and Teatau’s 
pnisojtiiig tc.^ts Avith lead, arsenic, malonitrile, etc. By a suitable 
of ntalojiitrilc it was found po.ssible to produce marked 
chr-niiatolysis. wliich after a time could be shown to disappear. 
I hc animal ihus poisoned recoA'cred from the acute symptoms 
.oter tJtc Inj/'.-c of a few minutes. Even during this acute stage 
t!if animal was .able to perform all kinetic functions. 
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In tests vritli tetanus toxin, Goldscheider and Flatau found 
characteristic changes in the motor cells of the spinal cord. The 
chronological order was tlie following. First appeared a distension 
of the nucleus, which, on staining with, basic dyes, looked paler 
than in the control animals. While this distension of the nucleus 
was proceeding, a swelling of Nissl’s granules was observed, 
which, after it had attained a certain degree, was succeeded by 
a typical chromatolysis. 
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CHAPTER III. 


Is-ucleotide and Protein Mcatabolisni in Nerve 
Cells in Motorially Exliansted Animals. 


As a first step in the experimental investigations, the effects 
of muscular work on the nerve cell were examined. The irritations 
which affect the ganglion cell correspond to those received by the 
cell under ])hysiological conditions, which affords an opportunity 
for correlating the changes in the cell with its function. 

The laboratory animals were eight young guinea-pigs, four of 
which were used as control animals. They were made to run in a 
working-machine until complete exhaustion set in, which ns a 
rule was the case after about two hours. Tliey liad not previously 
been te.stcd in this manner. 

Thc.ce animals were killed immediately after the end of the test 
by decapitation. The lower part of the cervical and lumbar in- 
tumescence as well as the upper i)art of the sacral cord were taken 
for examination. Fixation in Carnoy’s solution. The root cells 
lying in the Nucleus untcrolalcralis of the myorabdotic group, 
which innervate the upper extremity muscles and in these seg- 
ments stand out well-defined, were used for the investigations. 
For puqrose of comparison, corresponding cells in the control 
animids wore employed. The cells were analyzed in accordance 
with the procedure de.seribed in Chapter I, Part II, p. GO. Only 
tlio?e seciion.s which included the major part of the nucleolus 
wore selected for analysis. Altogether IG measurement series were 
arranged, namely 8 on cells froni resting animals and 8 on cells 
from motorially ex'hausted animals. 

Ihe rosnlt,'; of the tests on the different animals in each group 
sv-re in corresjiondtnce. A serial investigation of (1) an animal 

at aiul (2) a motorially o.xliatisted animal reported typical 
exstnples. 
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1. Animals at Rest. 

Ultraviolet microscopy. A myorabdotic cell of this nature is 
shown in Fig. 33. The nucleus has a rather considerable absorptive 
capacity, the nucleolus absorbs intensely, and the cytoplasm as 
a whole has an absorptive power comparable with that of the 
nucleolus. 

Absorption measurements. Curve 1 in Fig. 34 is taken at a point 
in the nuclear substance between the nucleolus and the nuclear 
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Kg. 34. Absorption spectra from points in the nucleus (curve 1) and c}doplasm 
(curve 2) in an anterior horn cell from a relatively inactive guinea-pig. Cinve 1 
shows a faint nucleotide band and a marked protein band. Curve 2 shows large 
concentrations of nucleotides as well as proteins with a tyrosin maximum shifted 
towards long wave-lengths. Curve 3 indicates the loss of light by scattering. 


membrane. The curve is devoid of a distinct nucleic acid band, 
but has a broad absorption maximum at 2750 A. The tyrosin 
maximum lies at 2850 A. The absorption spectrum thus shows 
the occurrence of proteins in moderate concentrations, whereas 
nucleotides do not occur in any appreciable numbers. In regard 
to the dye-binding tests see below. 

Curve 2 is taken at a point in the intensely absorbing cyto- 
plasm. At 2600 A a marked absorption band appears, which in- 
dicates the occurrence of nucleotides in high concentrations. The 
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rurvo then falls towards lower wave-lengths, forming a bulge at 
i^SOO A, after which it drops steeply towards 3000 A. The t}T:osin 
maximum lies near 2000 A. The dye-binding teste are reported 
below. 

I’cul^cn reaction. The Feulgcn-positive particles are confined 
to the nucleus, where they are accumulated in the vicinity of the 
nucleolus and close to the nuclear membrane. In well-fixed sec- 
tions a collection of Feulgen-positive particles can be observed at 
the place of the chromocentrc. 

JUlcro-Inclncralion. The residue of ash in these cells is very 
copious, and the distribution of the ash corresponds well to the 
jmrts rich in nucleotides highly absorbing- at 2600 A. 

2. Exliniisteil Animals. 

Ultraviolet microscopy. All the ganglion cells in the anterior 
horns are marked by a smaller absorptive capacity at 2600 A 
than those of the control animals. An example of a cell from 
Xuckiis aiitrrolaicralis is shown in Fig. 35. In the nucleus the 
large, intensely absorbing nucleolus stands out in relief against 
the remainder of the nuclear substance, which shows but a small 
nh.sorptive power. The cytoplasm, as compared with that of the 
cont rol animal, has merely small amounts of absorbing substance. 
The cell as a whole has more rounded contour.?, but in serial sec- 
tions of those cells the author was unable to observe any distinct 
difference in size between the cells of the c.xhausted animals and 
those of the control animals. 

At>sorptInn measurements. Some absorption spectra are shown 
in I'ig. 30. Curve 1 is from a point in the nucleus between the 
nucleolus and the nuclear membrane. Hear 2900 A a weak ab- 
.“orption maximum is observed, but above it the curve shows 
merely a non-specific absorption, which rises slowly towards short 
wave-lengths. No nucleotide hand can he found. The curve anal- 
yses of the ah.sorption spectra showed for the nucleus on an 
rsverage a very low protein content. Curves 2 and 3 are taken at 
points it! the cytoplasm. In curve 2 a protein band is seen at 
2(00 A, wliorca.‘! in curve 3 merely a very weak protein absorption 
is observed at that wave-length. None of the curves show any 
nhflcrption of nucleic acid. The curve analyse.? in the 8 measure- 
ment .‘^eries showed for the cytoplasm a low average content of 
protein?. The staining teste are reported below. 



Fig. 33. Anterior horn cell of Ahtcleus myorhabdoticus from guinea-pig in relative 
inactivity, Camoy-fixed. In the cytoplasm large amounts of ribose nucleotides. 
Magnification 1,150 X. Objective aperture 0.85. Condenser aperture 0.0. 




Fig. 35. Anterior horn cell of Nucleris myorhabdoticus from exhausted guinea-pig. 
Camoy-fixed. Merely small amounts of nucleotides in the cytoplasm. Magnifica- 
tion and optics as in Fig. 33. 


Hyd^N: Protein metabolism in the nerve cell. 
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Fig. 36. Absorption spectra from points in the nucleus (curve 1) and cytoplasm 
(curve 2) in an anterior horn cell from an exhansted guinea-pig. Curve 3 is from a 
point in tho - cytoplasm of a similar cell. TJie nuclear substance contains merely 
small concentrations of protein rich in hexone bases, and the cytoplasm is extremely 
poor in nucleotides as well as in proteins. 

Fculgen reaction. In cells from the exhausted animals the 
Feulgen reaction shows a picture which in no ways differs from 
that of the control animals. 

Micro-incineration. The ash content in these cells is strikingly 
small compared with that of the control animals. At the place of 
the nucleolus a large residue of ash is observed. Merely small 
amounts of ash are found in the cytoplasm. 

Capacity for binding acid dye groups. The preparations were 
stained A^dth cyananthrol, and the degree of staining was con- 
trolled by determining the average amount of bound dye in 
the erythrocytes. The nucleolus in a number of anterior horn 
cells of control animals showed on measurement an average ex- 
tinction coefficient of 0.24. The nucleolus in ganglion cells from 
exhausted animals gave an average value of 0.33. This shows that 
the amount of basic groups in the protein of the nucleolar sub- 
stance is larger in the last-mentioned animals than in the nucleoli 
of the control animals, which indicates an irritation of the nuc- 
leolar apparatus. The nucleus in cells from the control animals 
gave the extinction coefficient 0.09, and the nucleus in the cells 
of the exhausted animals showed an average value of 0.15. This 
talhes well with the absorption measurement data, and the com- 
bined procedures thus show that the nuclear substance in the 
control animals contains proteins rich in hexone bases in large 
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concentrations, whilst the nuclei in the cells of the exhausted ani- 
mals contain only .'^mall concentrations of those proteins. The 
cytoplasm in cclfs from the control animals and the exhausted 
animals gave on an average the extinction coefficients 0.15 and 
O.r,, rc.s})cctively. The results tally completely avith those obtained 
in the absorption measurements. The nerve cell cytoplasm in the 
motor anterior horn cells from animals at rest contain large 
amounts of proteins rich in hexone bases relatively to the cor- 
re.sponding cells of exhausted animals. 


3. Survey of Results. 

The myorahdotic ganglion cells from the Nticlem anterdlateralts 
of a guinea-pig at rest are marked throughout by a liigh content 
of nucleotides and proteins. In addition to a nucleolus rich in 
ribose nucleotides, the nucleus contains proteins rich in hexone 
hnsc.s in considerable concentrations. Diffusely distributed in the 
cytoplasm, there arc very large amounts of ribose nucleotides 
as well as proteins rich in hexone bases in large concentrations, 

Tim corresponding cells in exhausted animals show striking dif- 
ferences in their composition. In the nucleus there is a remark- 
ably large nucleolus ricb in ribose nucleotides, which on an aver- 
age contains larger amounts of basic dye groups than that of the 
control animals, thus indicating an irritation of the nucleolar ap- 
paratus. Tlic remainder of the nucleus contains proteins rich in 
hexone ba.se.s in small concentrations. In contradistinction from 
the resting animals, the cytoplasm contains merely small accu- 
mulations of ribose nucleotides and scanty amounts of proteins, 
which show hut a small tendency to bind acid dye groups. 

The author was unalilc to show any certain disparity in size 
heiwecn tlic cells of Tc.sting and cxhau.sted animals. As appeared 
from the lieterminations, the differences in the content of nuclco- 
tidi,‘s and ])roteitKS are very considerable, being 3 — 5 times the 
respective ajiiounts. If this were due to disparities in cell volume, 
it wouul, of cninse. immediately be shown by the cell picture.s, 
as in (hat the <lifterences in volume %Yould be verj’ marked. 
It is ai':o fair!}' evident that the large differences cannot be due 
t<» ^arintions in the thickness, of the .sections, ns they Averc ob-served 
tIiroi)ght»ut in the celis of different sections in the 16 soric.s ana- 
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It appears from the above reported results that during intense 
muscular morh with enhanced jxmclioning of the resfective myorab- 
dotic cells disintegration of the nucleotides and proteins tahes place. 
This shoics that the function of the nerve cell is accompanied by ex- 
tensive protein and nucleotide nictabolism processes. The nucleus in 
the cells of the exhausted animals contains merely small amounts 
of proteins, which comprise basic groups in considerable amount. 
The changes in the cytoplasm go in the same direction. The nuc- 
leolus in these cells is remarkably large and rich in ribose nucleo- 
tide, and contains proteins with a larger amount of basic groups 
than that of the control animals. According to previous investiga- 
tions of ganglion cells (see Part I, Chapter III, p. 39), a large 
nucleolar apparatus and a preponderance in the nucleus of pro- 
teins rich in hexone bases are considered as an indication of an 
intensively functioning protein-forming system in the cell. The 
experiments thus show that the changes in chemical composition 
which entail intense activity of the protein-forming system of 
the cell can also be induced by the physical irritation involved 
in increased muscular work. Cytologically, we see here the picture 
of a slight chromatolysis in the ganglion cells from exhausted 
animals. The results of the investigations thus show that behind 
this cytological picture there lies a very marked decrease in the 
content of nucleotides and protein substance in the ganglion cell. 
Similar results were obtained in investigations of the ganglion 
cells of fish (Hyden 1943). 


Summary^ Chapter III: 

It appears from the above reported results that during intense 
motor functioning the proteins in the nerve cell disappear. The 
nucleolar apparatus in the cells thus modified shows signs of an 
intense irritation, which indicates that, though the cell mechanism 
is adjusted for recovery processes, they appear to be unable, owing 
to the increase motor, functioning, to make good the protein loss. 



CHAPTER IV. 


XiK'lcotidc and Protein Metabolism in >^crve 
Cells after Electrical Irritation. 

The material consisted of spinal ganglion cells from cats (3 ani- 
mals) and from rabbits (27). Altogether 33 ganglia weve examined, 
bc-^ides the control ganglia. The ganglia wore e.xposed during the 
o}>cration and were irritated wiOi faradi'e current either pre- or 
posf-gangiionaril)'. The ganglion on the opposite side in the same 
segment Inul ))roviously been removed for purposes of control. 
The Jiiaterinl was fixed firstly in accordance with Gersh’s freezing- 
drying method, and .secondly in Oarnoy’.s .solution. The current 
-strength wa.s maintained at 1 — 2 MA. Tlie time was varied from 
1 minute up to 10 minutes. The time proved to be of importance 
for tlio character of tlie changes. As a precise grading of the irri- 
tation for obvious reasons wa.s imjwacticable, the results were 
liivided into two groups only, viz. clianges after moderate irrita- 
tion (up to 5 miniite.s) and after ])rotracted irritation (up to 10 
minutes). 

The celi.s were analyzed in accordance with tlic procedure de- 
scrilsed in ChajJter T, Part II, p. GO. Altogether 42 analysis serie.s 
were arranged. Only tho.=e fiection.s which included the major part 
of the nucleolus were selected for examination. 

The re.'^idts were in correspondence tliroughoiit. A scries of 
ftn.'dy.Hes from .sjiinal ganglion cells of tiic large, inedium-.sized and 
sm.-dl groups, whicli had been irritated faradically for 5 minutc.s, 
as -trel! ns a .-serial inve.stigation from a medium-sized cell of a 
g;ast;Iion on v.'hich the electric.'il irritation had been e.xtended to 
pt minute''’, are reported below ns typical cxamj)lc.s. 
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1. Electrical Irritation up to 5 Minutes. 

Ultraviolet microscopy. In. the vast majority of the cells the 
ultraviolet cytological picture at 2570 A. shows very considerable 
deviations from that of the non-irritated cells. Examples of irri- 
tated spinal ganglion cells from rabbits, fixed in Carnoy’s solution 
and photographed at 2570 A, are given in Eig. 37. Most of the 
cells in such a ganglion show this picture. The cells continue to 
absorb very intensely. The nucleolus is indistinctly observable in 
the dark nuclear substance on the photograph. The sharply de- 
fined accumulations of nucleotides in the cytoplasm of non-irri- 
tated cells, corresponding to the cjd-ological picture of Nissl’s bod- 
ies, are not seen here. The entire mass of cytoplasm is taken up 
by large accumulations of absorbing substance, which appear to 
form a connected whole. Another typical example of a medium- 
sized, electrically irritated spinal ganglion cell is given in Eig. 38. 
In the nucleus intensely absorbing, irregular areas are observed 
in the vicinity of the nucleolus. 

Eig. 39 shows a typical C 5 d;ological picture, particularly cha- 
racteristic of irritated ganglia. This picture is sometimes observed 
in the cells of non-irritated ganglia, but is very unusual there. The 
nucleus is excentrically situated and flattened towards the centre 
of the cell. Close to that section of the nucleus the cytoplasm ab- 
sorbs with great intensity at 2570 A. 

In measuring the average cross-sectional area of the moderately 
irritated and the non-irritated spinal ganglion cells in central 
sections comprising the nucleolus, no difference in size could be 
observed. 

Absorption measurements. Eigs. 40, 41 and 42 show examples of 
absorption of absorption spectra taken at points in the nucleus 
between the nucleolus and the nuclear membrane (curve 1) and 
in the cytoplasm (curve 2) of the large, medium-sized and small 
type, respectively, of spinal ganglion cells from rabbits. The ab- 
sorption spectra in Eig. 40 are from a cell fixed by the freezing- 
drying method, whilst those in the other figures are from Carnoy- 
fixed cells. All the curves for the nuclear substance show an ab- 
sorption maximum at 2600 A. At 2850 A a marked protein 
band appears. In all three cases the tyrosin maximum lies at 
2900 A, which indicates that the protein is of basic character. 
This shifting of the tyrosin maximum is particularly marked in 
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2i»00 2600 2800 3000 A 

Fig. 41. Absorption spectra from 
points in the nucleus (1) and cyto- 
plasm (curve 2) in an electrically 
irritated spinal ganglion cell of tho 
medium-sized type, from a 
rabbit. 


the. nuclear pubrtanoc of the inedium-.si/!cd and small cells. All the 
absorption spectra from the cytoplasm show very high nucleic 
ueni bands ns well a.s protein bands with tyro.sin absorption 
maxima shifted towards long waved cngtks, indicating that the 
pruwin of basic chameter. Particulars regarding the capacity 
tor binding add dyes arc given below. 

On comparing the results of absorption measurements of cells 
from irritated and nondrritated spinal ganglia (altogether 72 so- 
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2‘)00 2600 2800 3000 A 

Fig. 42. Absorption spectra from points in the nucleus (curve 1) and cytoplasm 
(curve 2) in an electrically irritated spinal ganglion cell of the small type, from a 

rabbit. 

ries), very marked differences ivere observed. Tbe absorption 
maxima on an average are two to three times higher for the irri- 
tated cells than for the non-irritated, and the proportion of nuc- 
leic acids to proteins is entirely different. 

A; comparison of the quotients e 26 o/£ 28 o shows that the nucleo- 
tides form a considerably larger part of the cell substance in the 
cytoplasm in the irritated cells than in the non-irritated. The 
quotient for the non-irritated cells averages 1.3, whilst the 
corresponding value for the electrically irritated cells is 1.6. 
Reckoned for “standard protein”, ■ this sigmfies that, whereas 
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th<^ ratio of the nucleotules to the proteins is 1 ; 20 in the non- 
irritated cells, it is 1 : o in those electrically irritated. 

The measurements of the cells thus compared were made on 
sections o fi in thichness, sliced with a Lcitz sliding microtome 
and treated in exactly the same way. Possible variations in the 
thickness of the .slicc.s were not checked; bnt, as the marked 
differences in the content of absorbing substance were observed 
throughout in all the 42 .series and in different preparations, they 
cannot be attributed to incidental inequalities in the sections. 

Tlie measurements made by Li.vnKKSTRUM-LANc; and collab. (19.35) 
of itu‘(jualifics in the thickness of the .sections in })araffin slicing with 
a Minot microtome .showed that they did not exceed U.a // in sections 
10 ji thick. 

The. results of an analysis of absorption spectra in the cytoplasm 
of a non-irrit.'itcd spinal ganglion cell (ahsor])tion curve d Fig. 
21 p, 02) and a corresponding electrically irritated cell (absorption 
curve 2 Fig. 40 p. 90) are adduced by way of example. The cyto- 
jdasm in the irritated cell show.s an average nucleotide concentra- 
tion of () per cent, whereas that of the non-irritated cell barely 
amounts to 1 per c,cnt. The ]m)tcin concentration is nearly 4 
tunes a.s largo in the cytoj)lasm of the irritated cell as in that 
of the non-irritated. 

Feiilccn reaction. The Fculgen-positivc elements in the clcc- 
trioully irritated <^ella completely correspond witli the .same 
substance in the non-irritated. They arc situated in the nucleu.s 
and arc arranged in the main perinuclearly as well as close to the 
nuclear membrane. In a number of cells an accumulation of 
3'<'u]gen-positivc .substance at a place corresponding to that of 
the heterociiromatic protein sub.stance was distinctly observed. 
On a visual e.stimate of the amount of Fculgen-po.sitive particles, 
no diftcrence between the irritated and non-irritated cells could 
be detected. This indicates that the nucleotides wliich were 
found in large concentr.ations in tlic nuclei of the electrically 
irritated cells were of ribose type. 

3Ufro.fneInernlion. The residues of ash in the electrically 
irritated ami non-irritated .spinal ganglion cells differed very 
considerably. Fig. iW shows an outline view, in the dark field', 
o! n rnicTO-inciner.ited section from a non-irritated ganglion, 
’••hibt such a .“ection from an irritated ganglion is shown in Fig. 
•i4. The diftcrence of the ash content in the two groups of celLs 
i^ very marked. In the nuclei and cytoplasms of the irritated 









Fig. 43. Micro -incin- 
erated spinal gang- 
lion cells, rabbit, 
non-irritated, in the 
dark field. Magnifi- 
cation 220 X. 


Fig. 44. Micro-incin- 
erated spinal gang- 
Fon cells, rabbit, 
electrically irritated 
for 5 minutes. Mag- 
nification 220 X. 
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Fig. 48. View of spinal 
ganglion cells, rabbit, 
at 2570 A non-irritat- 
ed. Camojd'ixed. IMag- 
nification 200 X. Ob- 
jective aperture 0.20. 
Condenser aperture 
0.20. 


Fig. 49. Spinal gang- 
lion cells, rabbit, elec- 
trically irritated for 5 
minutes, photographed 
in the same plate as 
the cells in Fig. 48 and 
uniformly copied. The 
same magnification 
and optics as in Fig. 48. 


Hvden; Protein metabolism in the nerve cell. 







J’i;:. -17. tMnjjlioii (-('il. rnlihit, olcftncii!ly iiritntod foi- ]0 mimilc.'!, (.’iinioy- 

fi'sctl. Hurh lnrf;f nniotiiiH (if riboce inirlcotidcs in the nucleus that the nucleolus 
is enmrh'tely covered. Cytoplasm |>oor in nucleotides. Ma;;nification Ijl.'iO X. 
OV'jeetive .aperture O.s.'.. Condenser aperture O.n. 
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cells large amounts of asli are observed, which corresponds well 
with the localization of the parts intensely absorbing at 2600 A. 
The nuclei of the non-irritated cells, on the other hand, yield 
scarcely any ash, and the ash residue from the cytoplasms is 
likewise scanty. 

Capacity for binding acid dyes. In comparing the irritated and 
the non-irritated cells, the degree of staining in the different 
sections was checked by computing the amount of dye bound 
in the erythrocytes. In the non-irritated cells the extinction 
coefficient thus obtained averaged 0.28 for the nucleolus, 0.09 
for the nucleus and 0.13 for the cytoplasm. In the electrically 
irritated cells the corresponding values averaged 0.40 for the 
nucleolus, 0.34 for the nucleus and 0.20 for the cytoplasm. 

The amount of basic groups in the protein substance of the 
irritated cells is considerably larger than that of the non-irritated. 
It is significant that this increase in the content of basic proteins 
is particularly noticeable in the nucleus and nucleolus. As regards 
the nucleus it is noteworthy that this increased tendency to bind 
acid dye groups is especially marked in the chromocentre areas. 
This corresponds very well with the results obtained with the 
other cytochemical methods of investigation. The fact that the 
electric irritation leads to an increase of the basic protein sub- 
stances in the nucleus and nucleolus in particular points to an 
intense irritation of the nucleolar apparatus. 

Capacity for binding basic dyes. The fact that electric irritation 
leads to a distinct increase in the content of nucleotides affords 
ia favourable opportunity for correlating the capacity of the cell 
for binding basic dyes with the content of nucleotides. Figs. 45 
and 46 respectively show in outline preparations from non- 
irritated and electrically irritated spinal ganglion cells from a 
rabbit, stained with toluidine blue under standard conditions 
(see Chapter II Part I p. 23). 

Measurements in the cytoplasm of a series of non-irritated cells 
of the large type gave on an average an extinction coefficient of 
0.20. The corresponding value for the electrically irritated cells 
of the same type was 0.45. These tests thus show that the capacity 
for binding basic dyes increases parallel with the increase in the 
content of nucleotides in the cytoplasm. 
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2 . Irritation np to 10 Minutes. 

T’uo ultraviolet cytological picture of spinal ganglion cells 
after irritation up to 10 minutes is entirely unlike the picture 
after irritation for 5 minutes only. Most of the cells in the ganglion 
show tlie same feature. An example of such a cell, photographed 
.at liriTO A, is given in Tig. 47. The nucleus as a whole absorbs very 
intensflv, and no nucleolus is observable in the uniformly dark 
nucleus of the ultraviolet photograph. The absorptive capacity of 
tlie eyto])lasm, on the other hand, is low, compared with that of 
the nucleus and of the spinal ganglion cells irritated for 5 minutes 
only, Tlie absorption spectra show for the nuclear substance 
u moderate content of nncleotidos and proteins in high concentra- 
tions. The tyrosin maximum lies at 2900 A, and the capacity 
for binding acid dye groups is very high, indicating the markedly 
hn.sic character of the proteins. 

The I'oulgen reaction gave the same picture as that described 
in regard to ganglion cells from animals at rest (sec Chapter I, 
Tart II p. G7), thus a scanty amount of Fculgcn-positive particles 
wliicli, on a visual estimate, did not correspond to the amoimt 
of nucleotido.s obtained in the above reported absorption measure- 
ments. Tiii.s iiulicate.s that the nucleotides of the nucleus are mainly 
of ribo.^e. type. 

A.s ytninted out above, the nucleolus is not visible in the large 
concentrations of ])roteins and ribosc nncleotidos in the nuclear 
.sub.atancc of tho.se cells. On .staining with cyananthrol, however, 
a distinct nucleolar structure is brought out, which does not 
difier in form from that of the nucleoli of the non-irritatod cells; 
ami the I'eulgen reaction sliow.s the prcviou.sly described picture 
of a number of elements rich in ribo.se nucleotides, perinucleol- 
ar arrang'Hl. 

ihe cytoplasui in these cell.s is poor in ribosc nucleotides as 
well ns in ])roteins, whicli latter .showed merely a slight tendency 
to bind acid dyes. No diminution in the size of the cells, ascom- 
p.ared with that of cells from nou-irritated ganglia, could be ob- 
^.-rved. 

hMl'J.'.on fi-iU. The abo^'e reported experiments show that, when 
fi spina! gtuigHon h irritnied with an electric current for up to five 
a is etart/'d in the nerve cells, which leads to the 
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formation of proteins ricli in hexone bases and ribose nucleotides 
both in nucleus and cjdoplasm. In order to obtain some idea as to 
what cellular system is involved in this process, repeated attempts 
were made to inh ibit its course. For this purpose substances such as 
cyanides and urethane, which tend to check certain of the oxidative 
cell processes, were employed. In these simple tests 8 young rabbits 
(including four for control) were employed, and altogether 10 spinal 
ganglia were analyzed in accordance with the procedure described 
in Chapter I Part 11, p. 60). For purposes of control, the ganglion 
on the opposite side in the same segment was extirpated and was 
laid in a 37° Ringer’s solution for some minutes, whereupon it was 
irritated for the same length of time as the exposed ganglion used 
for the actual test. 

With a view to ascertaining the content in the ganglion cells of sub- 
stance with peroxydase effects, Nadi-reaction was -performed on the 
extirpated and cleft spinal ganglia. The one half of the ganglion was 
examined under a dissecting microscope, whilst the other half was 
fixed with a formalin sublimate solution and was sliced after em- 
bedding in paraffin. The reaction was performed firstly after addition 
of the Radi reagent solely, and secondly after the addition of KCR 
and HjOj. 

On the addition of the Radi reagent solely, an intense bluish purple 
staining of the ganglion cells — which was also verified in the magnified 
preparations — , was obtained after a few minutes on the surface 
of the section. After the addition of catalase (prepared according to 
Agner 1911) no corresponding stain was obtained in the cell layer of 
the section, though after an hour a faint ^^olet tinge could be ob- 
served, especially on the surface. In the presence of potassium cy- 
anide the gangbon remained entirely -unstained. These tests indicate 
the existence of substances -with peroxydase effects in the ganglion 
cells. 

In the inhibition tests the pueumogastric nerve, during operation 
on either side of Gangl. nodosum, was infiltrated -with a 1 % neutral 
solution of potassium cjmnide. After the lapse of half an hour the gang- 
lion was irritated for five minutes. The result was a distinct increase 
in the content of ribose nucleotides in the cells. In the control test, 
however, no increase in the nucleotide content was obtained. 


3. Survey of Experiments with Electrical Irritation of 
Spinal Ganglion Cells. 

According to previous cytological investigations, an increase 
in size is obtained on electric irritation of ganglion cells. Lugaro 
(1895) showed such, an increase as regards the nucleolus and 
cell-body and, in a. lesser degree, the nucleus. Concurrently -with 
this change in size, he considered that an increase in the amount 
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of chromopliil substance could be established. After protracted 
irritation a decrease in the size and stainability of the cell could 
be observed. 

The cytochemical investigations showed, after cJcclrk irritation 
for 5 tnimitcs, an increase in the cell’s content of nucleotides and 
proteins both in the nucleus and in the cytoplasm. Kgs. -48 and 
49 respectively show an outline picture in ultraviolet at 2570 A 
of non-irritated spinal ganglion cells from a rabbit and of such 
cells elect ricalh’ irritated for 5 minutes. 

Piibnsc nucleotides could be, shown in the nucleus in all the types 
of irritated ganglion cells. In the non-irritated cells nucleotides 
of that character were observed only in cells of the small type. 
The protein content in the nuclei of the irritated cells showed a 
considerable increase. Jleasurements of the capacity for binding 
dyes indicated that the amount of basic groups in the protein 
.substance was very considerable, especially in the nucleoli and 
chromocentre areas. 

In the cytoplasm of the irritated cells an increase of ribose 
nucleotides amounting to 3 — G times the content in the non- 
irritated cells could be observed. 

Thi.s cell picture thus represents a cytoplasmic protein-forming 
sy.stem stimulated to intense activity. A detail of special interest 
is that the increase of the proteins rich in ho.vone bases is partic- 
ularly marked in the chromocentre areas, which well corresponds 
with the above view that the heterocliromatin is the primary 
source of production of such proteins. 

.Among the. cells irritated for 5 7ninvlcs one could actually 
observe some with a peripherally .situated nucleus, flattened or 
irregularly delimited towards the centre of the coll. In the cyto- 
plasm outside this area rilmso imclcotides in large concentrations 
could be .shown. In appearance and chemical composition these 
celb correspond well with the previously mentioned ganglion 
cells of certain fi.shos (sec Chapter I, Part II p. 70). These cells 
must be regarded as extreme form.s with a maximum activity 
of the cytoplasmic protein-forming system. Such cells could be 
shown in the electrically irritated ganglia, but are very unusual 
i{\ the non-irritated. 

.Aft*'r electric irritation up to JO winufes a marked increase in 
the content of ribose nucleotide?, and proteins could be observed 
in the cytoplasm, whilst the nucleus contained proteins rich in 
hexonc bases and ribose nucleotides in large concentrations. 
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Attempts to inliibit tbe formation of nucleotides during electrical 
irritation by the use of potassium cyanide and urethane, led to 
no result. 


Summary, Chapter lY. 

Experiments vrere made with electric irritation. They show 
that after five minutes’ irritation wdth faradic current, the cyto- 
plasmic protein-forming system is engaged in intense productive 
acthity. After longer irritation the cytoplasm is steadily drained 
of proteins and nucleotides. The probable explanation — in good 
analogy with the above reported expeiiments on motor cells — , 
is that the steady consumption of the proteins in the cell durmg 
the prolonged irritation is followed by the formation of new 
protein, which, however, owing to the physiologically violent 
effects of the protracted faradic treatment, is unable to replace 
the disintegration. 


7—43Ui7 
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Nnclcotido and Protein Jlclalbolism in tlie IS^erve 
Cell aficr Excision of tlie Axon. 


The inalcrial ^vas taken from 27 rabbits and consisted in gang- 
lion cells of yuch'us hifpoglossi. Gang!, nodos. N. A. ns well as 
spinal ganglion cells of N. i$chui(hcus, A table showing the time 
which had elapsed before the animals were killed after the oper- 
ation is sidijnincd. The number of rabbits used in each experiment 
is given in brackets. 


Time 


Number of 
rat)bit3 


If) hours (3) 

3 days (0) 

8 days (4) 

13 days (7) 

28 days (2) 

33 days (3) 

100 days (2) 


The material was fixed in accordance with Gersh’s freezing- 
drying method or in Carnoy’s solution. Por purpose of control, 
correspondijig material from non-operated rabbits ns well as 
ganglion cells of t!»c contralateral nucleus or ganglion were 
enijiloyod. 

As jiointed out in the above review of the literature, according 
to VAN Of:rita?r!TK.v mid otlicrs, there is a distinct difference in the 
reaction of the motor and the .sensory nerve colls after excision 
of the nerve, in that the scn.sory cells 15 days after the injury 
do not pass into n recover}' phase, but degenerate and are plingo- 
cyt«'d. The author could partly confirm these ohsorvntion.s, having 
found in two cas<’-s 33 days after the excision of the vagus nerve 
that the number of colls in Gaiujl. nodosum has greatly dimini.shcd 
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and that the ganglion cells had shrunk and were difficult to fix, 
whence no analysis with, the methods here adopted could he made. 
In the third case in this particular test, the author found in the 
said ganglion that most of the cells, on c 5 d;ochemical examination, 
gave the same result as the other types of cell examined after the 
lapse of 15 days or more from the excision. A few cells from 
Gangl. nodosum, however, showed the recovery pictures described 
below. 

In the other tests uniform results were obtained with motor 
and sensory nerve cells examined shortly after the excision of the 
nerve and a considerable time later. Examples are given of the 
results of these studies on (1) spinal ganglion cells and cells from 
Gangl. nodosum examined 19 hours to 15 days after nerve excision 
and (2) cells of the first-mentioned type examined 15 to 150 
days after the excision. 

The absorption spectra and the photographs reproduced below 
are from cells of Gangl. nodosum and spinal ganglia. 

The cells were analyzed in accordance with the procedure 
described in Chapter I, Part II, p. 60. Altogether 26 series were 
arranged in which complete absorption spectra were taken, as 
well as about 20 in which the rough method for determining 
the distribution of nucleotides which is afforded by ultraviolet 
microscopy under uniform conditions (see Chapter II, Part I) 
in addition to the other methods, was employed. 

1. Bistribution of Nucleotides and Proteins in the 
Normal Ganglion Cell. 

Ultraviolet microscopy. An uninjured cell from Gangl. 'nodosum 
N. X., photographed at 2570 A, is shown in Fig. 50. The nucleus 
is round and centrally situated; it contains an intensely absorbing 
nucleolus, whilst the remainder of the nuclear substance shows 
a rather low absorptive power. In the cytoplasm we observe large 
accumulations of intensely absorbing substance. 

Absorption measurements. A group of absorption spectra are 
shown in Fig. 51. Curve 1 is taken at a point in the nuclear sub- 
stance between the nucleolus and the nuclear membrane. At 
2900 A we see a faint protein band with the tyrosin maximum 
shifted towards long wave-lengths, indicating that the protein 
is rich in hexone bases. In regard to the capacity for binding 
acid dyes, see below. No nucleic acid band can be observed. 
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Curve 2 is taken ul n point in the intensely absorbing cytoplasm 
in the satne cell, wiiiht curve is from a similar coil in the same 
section. At *2G00 A a di.stinct nucleic acid hand and at 2800 A 
a marked protein band are observed. The tyrosin ma.ximum lic.s 
at 20' *0 A. An analv.sis of tbc absorption spectra sbowoci on an 



Fi;;. fit. Alr'J'irption spectra frv>ni 7 >oinls in tho nucleus (cin%-c 1) nml cytoplasm 
(curve in an tininjurcd spinal RanRlinn cell from GangL nodos. X. X. from n 
raV.Lit. Chsr-vc C i« latcn in tlic cytoplasm of another similar cell. The curves for 
the eytoplnsni show a m.arUcil nucleotide hand and jiroleiu band with n tyro.sin 
maximum shifted tow.ards Ion" wavc-IengUis. Curves .1 and 5 indicate the loss 
of light by 'c-attiwini; for eura-es 2 and .1, rfsi>cctivoly, 

average 80 — 38 per rent of protein and 2.1 — 2.8 per cent of 
nnrleotides. A.s regartls the capacity for binding acid dyes sec 
below. 

Tlie Feulcen reaction gave a negative rc.sult for the nuclcolu.s 
and for the large concent ration.s of nucleotides in the cytoplasm, 
which shows that tliey are of ribn.st* type. 

Sticro-incineralton. .A. group of incinerated cell.s, photographed 
in the dark: field, is shown in Fig. 52. Corre.sponding to the site of 
the nucleolus and the part.s of tdic cytopl/nsin absorbing intensely 
at 2G''X1 A. large aniount.s of ash are ob.scrved. 



Fig. 50. 2^erve cell of GangV. nodos. N. -X, from uninjured rabbit. Camay- fixed. 
Large amounts of ribose nucleotides in the cytoplasm. Magnification 1,150 X. 
Objective aperture 0.S5. Condenser aperture O.G. 





Kic. .'jO. Kcrvc celh of Gan^J. nodof. FiR.o". Another ganglion 

N. X. from rabbit, 3 (lays after oxoi- cell from same section, 

'ion of axon. Cnmoy-fiscd. Close to Cv'fopln.sm devoid of 

tiie fxcentrically situated nucleus well- mieleotide.s. Magnifica* 

nuclcnr.mcmbrnnc micleo- lion and optics ns in 

tides. Henininder of cytoplasm iKmr Fig. 50. 

in niielreitides. .Magnification nneJ op- 
tie.s ns in Fig. 50, 



f : mif.'o-inHne'rate.i m-rve tells of Gnw/t. nndof. N. X. from 

M-.U o (S.xyf after fxei'iori of asou, in the dark field. Merely small amounts of 
'A'-h in tlif tyloplasm. Magnifieation 700 X. 
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2. Changes in the Ganglion Cell 19 Hours 
after Nerve Excision. 

Ultraviolet inicroscopy. Most of the cells in the ganghon show 
the same ultraviolet picture as the cells of an uninjured ganglion. 
In a few of them, however, certain changes can be observed. 
Examples of such cells are given in Eigs. 53 and 54. The nuclei 
in these cells are situated somewhat exceritricallj. The accumula- 
tions of absorbing substance are no longer sharply de limi ted, 
being rather diffuse. In the c}d;oplasm there is a sector-like area 
with a considerably lower absorptive capacity than the surrounding 
parts. 

Absorption measurements. Curve 1 in Fig. 55 is taken at a point 
in the nuclear substance between nucleolus and nuclear membrane. 



2AOO 2600 2800 3000 A 

Fig. 65. Absorption, spectra from points in a cell from Gangl. nodos. N. X. 19 hours 
after excision of the axon. Curve 1 is from a point in the nucleus, curve 2 from a 
point in the intensely absorbing part of the cytoplasm, curve 3 from the sector-like 
area in the cytoplasm -with a smaller absorptive power (See Fig. 64). The last- 
mentioned curve is devoid of a perceptible nucleotide band and has merely a faint 
protein band. Curve 4 indicates the loss of light for curves 2 and 3. 

A nucleotide band is missing, but at 2800 we see a faint protein 
band with the tyrosin maximum lying at 2850 A, which indicates 
the occurrence of proteins rich in hexone bases in small concentra-^ 
tions. 
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Cur%'e 2 is taken at a point in a periplierally situated, intensely 
absorbing part of the caioplasm. The curve is in complete cor- 
respondence with that taken in the cytoplasm of uninjured cells. 

Curve .3 is taken at a point in the sector-like part of the cyto- 
plasm. No nucleic acid band can be seen: the curve shows merely 
a faint protein hand. 

Curve aualy.sis of the absorption spectra showed that the nucleic 
acid concentration in the changed area was merely one-third as 
high as in the nucleotide-containing parte of the cytoplasm, with 
the uitranolot cytology of the uninjured cell, and the protein 
concentration was merely half as high. 

A marked decrease in the content of nucleotides and proteins 
within a certain part of the cytoplasm can thus be observed 
in a few cells as early ns 19 hours after nerve excision. Cytologic- 
ally, the changed cytoplasmic area shows the picture of ebrom- 
atolysis. 


3. ChfiTigcs in tlio Ganglion Coll 3 Days after 
Nerve Excision. 

liltrnTloiot microscopy. All the cells in the ganglion are markedly 
changed. On photographing at 2570 A, two different types of 
cells with different ultraviolet cytological pictures can be distin- 
gui.shcd. 

An o.vample of one of the types is given in Fig. 56. The nucleus 
is situated near the periphery of the cell. Outside tbe part facing 
the centre of the cell large accumulations of highly absorbing 
substance, can be observed. The remainder of the cytoplasm is 
but slightly ah.sorbing. 

An example of tbe second type of modified cells is given in 
Fig. 57. There arc no accumulations of absorbing substance 
close to tbe nucleus. The entire cytoplasm is marked by a low 
absorptive capacity. 

Absorption measurementB. The accumulations of absorbing sub- 
stance close to the nucleus were found to contain large concentra- 
tion.'; of ribosc nucleotides as well ns proteins, which were shown 
by she staining teste to be rich in basic groups (see below). In 
location and composition tbe ab.sorbing substance close to the 
nucleus thus show.s striking similarities to the nvicleat-mcrabrano 
nucleotides in the ganglion cells of Lophius piscaforitis and in 
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the electrically irritated cells. Also from a purely cytological 
point of view, there are great resemblances between these cells. 

The absorption measurements from the cytoplasm in ganglion 
cells after 3 days showed a further decrease in the content of 
protein substance. Examples of two of the absorption spectra 



2itOO 2600 2800 3000 A 

Fig. 58. A couple of absorption curves from points in the cytoplasm of ceUs of 
Gangl. nodos. N. X., from a rabbit, 3 days after excision of the axon. The curves 
sliOTT merely faint protein bands. 

taken a points in the cytoplasm of such cells are given in Fig. 58. 
The curves are flat and show merely faint protein bands at 2570 A. 

Micro-incineration. Some micro-incinerated cells, photographed 
in the dark field, are shown in Fig. 59. The ash residue in the cells 
is very scanty and, in comparison with that of the uninjured 
cells (see Fig. 52), the difference is very considerable. 

4:. Changes in the Ganglion Cell 15 Days after 
Nerve Excision. 

The curves have a very small absorptive capacity at 2570 A, 
and almost all of them show the same cytological picture with 
the very excentricaUy situated nuclei. The absorption measure- 
ments merely show the occurrence of proteins in small con- 
centrations. No nucleotide band is observed. As indicated in 
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tlse review of the literature, Si'att; and other authors contena 
that the process in retrograde reaction is mainly characterized 
hy the taking-up of fluids by the cell, giving rise to the typical 
picture of chroniatolysis and* the perii)heral displacement of the 
nucleus. The above reported results of the author’s tests, which 
showed a decrease in the coll content of nucleotides and proteins, 
miuhl likewise conceivaldy be attributed to an increase in volume 
owing to the absorption of fluids. An examination of the average 
absorption measurement figures show, however that this is 
not the case. The actual absorption at 2G00 A, measured in the 
cytoplasm of the control ganglion cells averaged e = 0 . 24 , and 
in the cytoplasm of cells e.vamincd 15 days after nerve excision 
averaged r. ~ 0,00. Had this disparity been due to an increase 
in volunic, the original maximum cross-sectional area would 

liuvo. increased to » i- <>• to 1^3 per cent. Disparities of 

anything like this magnitude could not bo observed on comparison 
with the cell .sections comprising the major part of the nucleolus 
in longitudinally sliced ganglia from the excised nerve and the 
contralateral nerve. 

5. Spinal Ganglion Cells 2S, 33 and 150 Days 
after Nerve Excision. 

The examples adduced arc taken from the spinal ganglions of 
iV. ifchiadmis in rabbits, INIost of the cells in ganglia examined 
after the lap.se. of 28 and 33 days still show the same ultraviolet 
picture as in tlie 15-day.s’ ganglion, with esccntxically situated 
nuclei and but slightly absorbing cytoplasms. In .some cells, 
however, the nuclei arc situated more centrally. Close to the 
nucleus in thi.s type of cells an area with higher absorption is 
.^een in the cytopla.sm. 

In the spinal ganglia examined 150 days after the nerve excision, 
about one-thiru of the cells show the most shifting ultraviolet 
eytological pictures. The outline views show a striking resem- 
blance to ganglia from I^phitis jmeatorius. 

A type of cell rvith nuclcotidc.s in a grouping similar to that 
observed in ganglion cells a few days after the nerve excision 
s- found in lig, CO. The nucleus is situated at the periphery 
of the cell, being flattened and irregular delimited towards the 
centre. Clo.'c to tins part of the nucleus, accumulations of highly 





Fig. 60. Spinal ganglion cell, rabbit, 150 diiys after excision of axon. Carnoj 
fixed. Nucleus excentrically situated, close to it nuclear-membrane nucleotide; 
Magnification 1,150 X. Objective aperture 0.S5. Condenser aperture O.G. 
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Fig. 61 and 62. Spinal ganglion cells, rabbit, 150 days after excision of axon 
Nucleus centrally situated. Close to it immense concentrations of nuclear-mem 
brane nucleotides. Magnification and optics as in Fig. 60. 

HyltiSn: Protein metabolism in tbe nerve cell. 
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absorbing substance in tbe cytoplasm are observed. The absorp- 
tion spectra shovred that they contained large concentrations of 
ribose nucleotides, and were thus identical with the above described 
nuclear-membrane nucleotides. 

. In other cells the nucleus is more centrally situated (see Figs. 
61 — 62.) Particularly striking are the well-developed areas with 
highly absorbing substance, which completely surround the 
nucleus, and which were foimd to contain very high concentra- 
tions of ribose nucleotides. In regard to their tendency to bind 
acid dyes, see below. They consist in nuclear-membrane nucleo- 
tides, developed to such an extent as had not been observed 
in any previous test. 

As above mentioned, the great majority of the cells in the 
150-days’ ganglia showed the ultra\dolet cytological picture 
illustrated by the cell in Fig. 63. The nucleus, which is centrally 
situated, is spherical, and the cell-body shows the same form as 
in the cells of an uninjured ganglion. The tests with absorption 
measurements and with staining likewise showed a distributon 
and content of ribose nucleotides and proteins completely corre- 
sponding to that of the cells in an uninjured ganglion. Collections 
of ribose nucleotides in the cytoplasm are brought out on the 
photograph. A replacement of the content of nucleotides and 
protein substance in the cell must thus have occurred. 

Capacity for binding acid dyes. Measurements of ganglion cells 
in an uninjured ganglion, stained with cyananthrol in accordance 
with the technic described in Chapter II, Part I, p. 21, showed 
an average extinction coefficient of 0.17 for the nucleus and of 
0.26 for the cytoplasm. For purpose of comparison, cells from 
a ganglion examined 5 months after excision of the axon were 
selected, and their uniform staining was checked by computations 
of the erythrocytes. A cell of this nature, photographed at 5760 
A, is shown in Fig. 64. In the nucleus we see the highly stained 
nucleolus, and round the nuclear membrane intensely stained 
areas are observed, whereas the rest of the cytoplasm is faintly 
stained. Measurements showed an average extinction coefficient 
of 0.22 for the nucleus, of 0.40 for the intensely stained area 
corresponding to the site of the nuclear-membrane nucleotides, 
and of 0.12 for the rest of the cytoplasm, where the absorption 
measurerhents showed a decrease in the protein content. The results 
of these staining tests completely correspond with the absorption- 
measurement data, and show the reaction of the basic proteins to the 
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irritation of the protein-forming system which can be observed 
wilii other cytochemical methods during the recovery processes 
in the cell after excision of the axon. The content of basic proteins 
increases in the nucleus and is particularly high at the spot Avhere 
the newly formed nuclear-membrane nucleotides in the c}i:oplasm 
are located. In the remaining part of the cytoplasm it is low, 
which is in correspondence with the absorption measurements. 

CapneUj' lorhinding basic dyes. The measurements after staining 
with toluidine blue, in accordance with the procedure described 
in Ciiapter II, Part I, p. 23, showed in the cytoplasm of the 
uninjured ganglion cells of GaiigJ. nodos. A . Ai- nu average extinc- 
tion coefficient of 0.3.^. In colls examined 8 days after the excision 
of the nerve the extinction coefficient averaged 0.13. 

Those tests, like those reported in Chapter IV, Part II, p. 93, 
.•show that the capacity for binding basic dyes varies with the 
content of nucleotides in the cells. 

<). Electrical Irritation of Ganglion Cells with a Reduced 
Content of Nucleotides' and Proteins 
after Nerve Excision. 

Electrical irritation of an “uninjured” ganglion for 5 minutes 
resulted in n marked increase of the nucleotides in the cells. It 
was, therefore, of interest to ascertain whether this result could be 
produced also in ganglion colls in which the nucleotide and protein 
content had been greatly reduced after nerve excision. 

I’ or this purpose the Gang!, nodosum of a rabbit, 3 and 8 days, 
respectively, after excision of the vagus nerve, was irritated 
%vith 1 MA for 5 minutes. For purpose of comparison, a ganglion 
which had already been thus treated was laid in Ringer’s solution 
for 10 minutes, whereupon it was irritated in the same way. 

On examination, no increase in the content of nucleotides in 
the ganglion cells could be observed. 

7. The Retrograde Reaction ns a Transitory Inhibition 
of the Protein-producing System in 
the Ganglion Cell. 

Lxci.-!on of tl'.e .axon veas found to result in considerable changes 
5n the- chemical composition of the ganglion cell in question, 
a.ier tbf iapsc of only 19 houns a decrease in the content 
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of ribose nucleotides and proteins witbin a sector-like part of 
tbe cytoplasm and some displacement of the nucleus towards 
the periphery could be noticed. . After 3 days tbe said decrease 
bad been extended to tbe greater part of tbe cytoplasm; on tbe 
other band, tbe production of nuclear-membrane nucleotides 
could be observed in some of the cells. After 15 days tbe main 
content of tbe cytoplasm consisted in merely small amounts of 
protein substance. Distinct concentrations of nucleotides were 
completely lacking. Tbe cells now presented tbe cytological 
picture of a pronounced cbromatolysis. 

This cytological picture results from a marked decrease in tbe 
content of nucleotides and proteins. 

After tbe lapse of 28 — 33 days an incipient- replacement of 
tbe nucleotides and proteins in tbe cell could be noticed. Tbe first 
indication of this was the production of nucleotides at tbe nuclear 
membrane. It was possible to follow their development whilst 
tbe cytological picture of an “uninjured” cell in gangba examined 
150 days after nerve excision was being recovered. Tbe nucleotides 
of tbe nuclear membrane "were at first located solely in tbe part 
of tbe peripherally displaced nucleus facing tbe centre of tbe cell. 
In cells -v^utb more centrally situated nuclei tbe nucleotides of 
tbe nuclear membrane attained their greatest development, 
encompassing tbe entire nucleus. 

Tbe production and development of tbe nuclear-membrane 
nucleotides can be observed in tbe gangUon cell immediately 
after tbe nerve excision, when the content of protein substance 
and nucleotides in tbe cell is rapidly diminished, as well as during 
the recovery stage, when, after tbe lapse of some time, those 
substances increase so that tbe original content is eventually 
restored. It has been pointed out above, in regard to other ganglion- 
cell material, that these nucleotides participate in tbe formation 
of c 5 d;oplasmic protein, and that their production must be viewed 
as an indication of an intense activity of tbe protein metabobsm 
system in tbe nerve cell. 

As previously indicated, these periods of breaking-down and 
restoration, after nerve excision, of substances in tbe cell begin 
with tbe production of nucleotides in tbe nuclear membrane. 
During the intervening period tbe content of protein substances 
in tbe cell is very small. Tbe ganglion cell then, so to speak, 
“lies fallow” in regard to tbe endocellular nucleotide and protein 
metabolism. This statement is borne out by tbe fact that it is 
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not posFiblc, as it was in tbe case of “uninjured” gfingUon colls, 
to increase the content of nncleotidcs and proteins by electrical 
irritation. On tbe otbor band, it has been found that the increase 
of celhzlar substance, re.sulting from the irritation of “uninjured” 
cell?, is accompanied by all the signs of an intense activity of the 
nucleolar and protem-prodneing system. 

Tize above-mentioned changes in the chemical composition 
of the ganglion cell after nerve excision show that the retrograde 
rcnrlion has the chnracicr oj n transilory hihibUion of the ‘protcin- 
producing fgstnn in the gn^rgUon ccU. 

Btiring the bn.sy procc.sscs of metabolism which accompany 
the recovery of the ganglion coll, new axons develop at the periph- 
ery, pass across the %Yovunl, and the peripheral nerve-end is 
regenerated. A.s C'A.tAT, (1028) and other investigators have es- 
tablished, the growth of the new axons begins at an early date, 
namely one or two days after excision of the nerve. According 
to observations made by the said author on rats, the rate of growth 
is very rajzid, amounting to 2.5 — f mm a day. He found that, 
.after a week, the axon liad passed completely across the ■wound, 
and other authors (c. g. Rkxkd and Swenssox, 1941) state that 
myelin shcath.s can be observed after the lapse of another week. 
The Schwann's colls in the wound show every sign of an intense 
activity of the nucleolar and protein-forming system (HYoisN 
and Ur.XET>, 1913). A large nucleolus, rich in ribose rmclootides, 
appears and the nucleus is expanded to about fifty times its orig- 
inal sise. Tho.«e chango.s in the Schwixnn’s cells proceed during 
tfie course of one or two weeks. After that time the big nucleolus 
vanisiic.'!, and the size of the nucleus is mucli the same as in the 
Scliwann’.H cells of an uninjured nerve-fibre. Although the changes 
in the mtcleotido ai\d jnotein mctaboli.sni in the ganglion cells 
as well as in the Schwann’s cells wore induced h)' the same opera- 
tion, namely the exci.*iion of the nerve, there i.s no .synchronism 
bct*,voe!i the central and the peripheral reaction tvhich affects 
the gangliotv cell and the neurilemma, respectively. 

On the other hand, the short space of time during wliich the 
8cliwutit\ s cells pass through their independent cell-cycle, wdth 
endorclhdur inerc.ase of the protein substance, is synchronous 
uifli the time required tor the new axons to pass acros.s tlie wound 
ntzd to be tnye!ini“.e<l, 

-V'i for tin; restomtion of fvmction, observations on rats(UoLoni!T 
ond .Taixiuv, IpSi,) ijfive shown tliut the chronaxie in the nerves 



PROTEIN JIETABOLISM IN THE NERVE CELL, 


109 


attains normal values 28 days after excision of tlie sciatic nerve. 
After tlie lapse of that time it may thus be expected that the motor 
neuron ^vill have resumed its function. 

The above reviewed investigations with cytochemical methods 
showed an increase in the content of nucleotides and proteins 
in the ganglion cells after the lapse of about a month. This 
indicates the close connection of the nucleotide and protein metabolism 
processes until the fiinction. 

These cytochemical observations, taken together, reflect a 
continuous physiological process, where the several types of cell, 
after varying times, represent different phases in the protein- 
forming process. The chronological order may be diagramma- 
tically represented as follows. See the chart. Fig. 65, where the 



Kg. 65. Chart illustrating the extensive protein-forming processes after excision 
of the axon. (See the text.) The ordinate indicates the concentration of nucleotides 
and proteins in the ganglion cell cytoplasm. The abscissa shows the lapse of time 
after excision of the axon (marked by an arrow). The horizontal lines and dark 
areas indicate ribose nucleotides. 


ordinate indicates the content of nucleotides and protein substance 
in the cell, and the abscissa shows the time. The letter a denotes 
a normal ganglion cell with large concentrations of ribose nucleo- 
tides and proteins in the cytoplasm. Scarcely 24 hours after 
excision of the axon (marked by an arrow), the content of nucle- 
otides and proteins begins to diminish within a limited part, 
whilst the nucleus is displaced towards the periphery {b in the 
chart). The diminution proceeds rapidly, and a few days after 
the injury it has reached a considerable extent. Concurrently 
with this rapidly advancing process, large concentrations of 
nuclear-membrane nucleotides are formed in some cells close to 
the peripherally situated nucleus (c in the chart). This may be 
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ir;t- rpr."tod n? an attempt on the part of the cell, by intense 
activitv of the nucleolar and protein-forming system, to com- 
pensate the disturbance of the protein metabolism caused by the 
iniurv to the axon, or to assist in the rapid increase of the cell 
^ulv^u^^cc v.hich is proceeding at the periphery during the growth 
of the axon. After a fortnight or so the principal content of the 
eel! consists in small concentrations of })roteins mainly with the 
character of structural substance (d in the cliart). The cell ‘‘lies 
failow”. and for a short space of time the protein-forming system 
in the uatiglion cell is completely inhibited. \Mien this inbibition 
has continued for several days, a restoration of the nucleotides 
and j»roteins in the ganglion cell commences. 

This restoration is effected by an intensive functioning of tho 
prolein-j>roducing system in tlie cell. The first indication of this 
process is the ]>roduction of micloar-mcmbrane nucleotides {c 
in tlie chart) close to a local sector of the nucleus. During the 
following phase the nncicus gradually resumes its central position 
{/ in the chart). The nnelear-memhrane nucleotides surround the 
entire nucleus, and arc amassed in immense concentrations. 
From the compact layer close to the nucleus the nucleotides 
tliin out towards the porijihcry of the cell, where tlicy liave the 
charaef eristic appearance of .small, limited aggregations. 

After the inj)so of luO days most of the cells show the ultra- 
violet cytological picture of the uninjured ganglion cell [g in the 
oh art). The only difference is that the aggregations of ribosc 
nucdeotidcs in the cytoplasm are larger. 


8. llocapitulnlion. 

After excision of tlie axon, processes of protein metabolism 
are busily at work in tho cell. During tlie ne.xt few day.s after, 
tho • xci'^ion the content of nucleotides and pirotcins is reduced, 
v.Jiilr-t the protein-forming sy.stem show.s signs of intense irrita- 
lion. and nucloar-mombrano nucleotide.s appear in large amounts. 
After n {•wini'tJit or so the cell lias been drained of most of the 
Jiue|. (it’des and proteins, the pictures of irritation vanisli, and 
tie- r-rotein-forndnu systeni is inhibited: this is indicated by the 
tiO-'. tiiat irntation fails to induce tho formation ofnuclco- 

•.! o .md protein-'. Afti-r the ia}>se of another fortnight the con- 
t* !tt i'l jtn.'t^-'ins iji {(jo c*‘)l begins to be restored, and at the, .same 
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time one notes the appearance of nuclear-membrane nucleotides 
'which are so -n'ell-developed that no parallel in any other mamma- 
lian material can be shown. According to statements in the 
literature, these processes are synchronous with the restoration 
of function in the motor neuron. 


9. Earlier Macro-cliemical Studies Indicating the Occur- 
rence of Protein Metabolism Processes in the Central 

Nervous System. 

It has been shown above that after motorial exhaustion and 
excision of the axon the content of nucleotides and proteins in 
individual ganglion cells is greatly reduced. The differences in 
content are in the ratio of about three to one. 

The ganglion cell itself, in volume, is but an insignificant part 
of the neuron. In ganglia and nuclei within the central nervous 
system, however, these cells constitute the major part of the 
tissue substance. It might therefore be expected that the said 
endocellular changes in chemical composition would be reflected 
in macro-chemical investigations of individual cells and “gray 
matter” under similar experimental conditions. 

Studies suggesting a marked protein metabolism in the gray 
matter under certain conditions can in fact be found in the lite- 
rature. Below follows a short review of some of the most repre- 
sentative investigations. See further reviews by e. g. Winter- 
stein 1929, Quastel 1939. 

The differences in composition between gray and white matter 
are very considerable. The water content in gray matter amounts 
to 84 %, in white to 70 % (Abderhalden and Weil, 1910). 
According to Kocic and Koch (cited by Schmitz), the solids in 
gray matter amount to 16.8.3 %, in white to 30.30 %. The pro- 
tein content in gray matter amounts to 10.2 %, in white' to 
8.8 % (Schmitz 1929). The percentage of proteins relatively 
to the solids is 47.10 in gray matter, 27.1 in white. According 
to values computed by Bodansky (1934), gray matter contains 
8 % proteins, of which 3 % consists of nucleoproteins. In white 
matter the proteins amount to 7 %, including 3.7 % nucleopro- 
teins. 

Macro-chemical investigations of gray matter after motorial ex- 
haustion _ and intoxication with cramp-froducing poisons. Soitla 
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I'.’.rur, sttulicd the effects of muscular work by mak- 

Inc r.vt • run in a workiiiG-mnchine till complete exhaustion. On 
lertain maceratetl part of the central nervous system 
tin-v tit) not give particulars of the parts dissected they 
fouml that the aminogeiiesis coefficient (amino-nitrogen in per- 
< fiitat:'- of the total nitrogen) and proteolysis coefficient (poly- 
^•'•pti^l nitrogen ])lus amino-nitrogen in percentage of the total 
nitrogen) had been cottsitlcrably rai.sed. Cytologically, the pic- 
ture of a chroruatolysis in the anterior horn cells of the spinal 
cord could be f)bserved. The conclusion drawn hy the authors 
wa.'i that the ha'^ophil suhstauce in the nerve cells might be con- 
sidered to represent a nitrogenous reserve. 

On .‘ imilar examination of macerated parts of the central ner- 
votts .sv.stem, after the administration of certain poisons, Soitia 
( lbl2— found that cramp-producing poi.sons raised the 
proteolysis coefficient to dotiblc the value, whilst paraly7-ing 
poisons rodttced it. 

The rj(idx of irritfilion bij light on the visual centres. Gouo- 
lU.s.sKY (192G), availing liinnscif of the irritation caused by 
light, studied the ]Jrotcoly.sis in the vj.sual centres of cats, some 
of which for a titnc had had their eyelids sown up. As an 
indication of the ])rotcoly>;is, lie adopted the residual nitrogen 
in percentage of tlic total nitrogen. Kemoval of the irritation 
re.'iuUed in the .slowing-dowm of the proteolysis in the visual 
contTc.s ns compared with seeing animals, but not in other parts 
of the brain, .-\ftcr resumption of the irritation, the proteolysis 
value rose. The same effects were observed in kittens, whose 
eyelid': were .sewn up before they had been opened. The proteo- 
lysis value for adult .seeing animals was nearly three times as 
high. .As pointed out above (p. 7b), concurrent datn regarding 
chromatolrsls in the ganglion cells of the retina arc found in 
the Uter.ature. 


hbrtriml trritation. SoiJiA (1512) studied the effects of elec- 
trical irritation on the intensity of the proteolysis in the “gray 
matter’^ of rabbits. The animals were irritated with 3 MA, The 
result w;'s an jncrea.se in tlie amino-acid genesis by practically 
double. A:- it was also conceivable that the increase in the amino- 
and introgcn was. derived from the tetanized muscular tis.sue, 
Or-'tt riUtiiur invcjtig.'itod the matter, but could not observ'O any 
inercas:' of this value in .such muscles. An incrca.se of the amino- 
oocftidcnt in the gray matter was found also on electrical 
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irritation of intensely curarized animals. The conclusion drawn 
by SoULA from these tests was that the activity of the brain 
centres is associated with a consumption of nitrogenous substan- 
ces. 

Hirschberg and "Winterstein (1918) studied the nitrogen 
metabolism in the spinal cord of frogs after electrical irritation, 
and found that it had increased by more than three times the 
“resting” value. In order to obtain an insight into the nature of 
the nitrogenous substances, the said authors studied the forma- 
tion of ammonia after electrical irritation of the spinal cord of 
frogs. “In rest” the nitrogen given off to the Ringer’s solution 
in which the cord had been laid consisted mainly of nitrogen 
titratable in formalin (28 — 29 %), besides a small percentage of 
ammonia and nitrogen from lipoids soluble in water. As to about 
25 % it consisted of nitrogen of unknown origin. On electric 
irritation the titratable nitrogen as well as the nitrogen of un- 
known origin increased many times over, whereas the other nitro- 
gen fractions remained unchanged. 

The administration of glucose results in an immense reduc- 
tion of the nitrogen excretion, especially during electrical irrita- 
tion. During that irritation the ammonium nitrate showed an in- 
crease. The residual nitrogen consisted especially in the nitrogen 
titratable in formalin and in the nitrogen of unknown origin. 

Nerve excision. IMarinesco (1925) (cited by Winterstein 
1929) studied the nitrogen metabolism in the spinal cord of dogs 
in accordance with the method of Soula, after unilateral removal 
of the sciatic nerve and the brachial plexus. He then observed a 
distinct increase in the aminogenesis and proteolysis values. 

Benkovitch (1939), after amputating the extremities of one 
side in dogs, observed a decrease of the protein decomposition 
products in the cortical regions concerned. 


Summary, Chapter T. 

The above reviewed experimental investigations, with chemical 
methods, in the central nervous system do not give any uniform 
picture of the processes involved. The methods adopted are 
dissimilar, the results are divergent, and in this particular field 
the researches are complicated by the difficulty of isolating suf- 
ficiently large amounts of gray matter; as this substance too will 

8—431417 
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r>.r,'.;ijn ti’if* iitK-i.') of nerve fibres ami mantle cells in addition to 
the ganulion cells, no clear-cut tests can be conducted. These 
invest i'jatir.ns, iiowever. indicate the probability of extensive pro- 
i>. ;s •- of protein metabolism in the central nervous system and, 
in essentials, they do not in any tvay conflict with the author’s 
owi! resnirs. 



CHAPTER VI. 


Nucleotide and Protein Metabolism in 
Piirkinje’s Cells. 

The experiments reported in the preceding section showed 
that extensive processes of protein metabolism proceed in the 
nerve cell in connection with its function. These results, obtained 
on animals which had been exposed to various operative cuts- 
and external interferences, can scarcely be applied forthwith tO' 
the normal conditions. In order to investigate this matter, the 
author tackled the Purkinie’s cells of the cerebellum, which, 
in view of their size and weU-knovni cytology, are good objects 
of investigation. 


A. Literature. 

Van Durme (1901) drew attention to the occurrence of chro- 
mophil and chromophobe Purkinje’s cells. He found that the 
chromophobe cells on an average were larger and had the 
peripheral part of the cell-body free from basophil substance. 
The chromophil cells were readily stainable and had the largest 
amounts of basophil substance accumulated close to a section of 
the nucleus. He considered that these structures consisted of 
chromatin and that the two kinds of cells were in different func- 
tional states. Cajae (1897) found an accumulation of basophil 
substance close to the section of the nucleus facing the largest 
dentrite. 

SxoHR (1923) examined Purkinje’s cells in ultraviolet light. 
He found that the dark parts corresponded to the distribution 
of Nissl’s bodies and described an accumulation of chromatine 
granules in the vicinity of the nuclear membrane. In the cyto- 
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plasm in same seclion there was an accumulation of readily 
staina'olc irranule, which formed a cap on the nucleus. 

.SACUOHt (1930) de.=cril)es chromopliil and chromophobe Pur- 
kinje’s cells, stating that both those types occur in different fre- 
(tuencie.s in different animals. He describes the nucleus as oval 
or round, often provided with a flattened or concave area, facing 
thf* apex of the cell and adjacent to the basophil cap of the nuc- 
leus. $.\GUcm divides the chromophil cells into three types, 
which he interprets a,s successive stages in a process beginning 
with chroUK)])hiliiv. In the. first stage the nucleus is readily stain- 
ablo, the cj-toplasm feebly. In the second the nucleus and the 
cytoplasm arc equally readily stninnble, whereas in the final 
stage, the nucleus appears to be empty and the cytoplasm is 
more or less intensely chromopliil. In the markedly chromophil 
ceils the author states that he has observed a dissolution of the 
nucleolus. In the same, type of cells the previously mentioned 
ba.sophil and acidophil imclco-ncpbcHum (sec p. 48) was well- 
developed, and oven flowed out into the cytoplasm. In Saguchi’s 
opinion the cytological finds show that the Nissl’s bodies in 
the chromophobe colls arc derived from the basophil cap of the 
nucleus and are closely connected with the migration of the 
micleo-nephclium. 

EiNAiissoN (1933), with his staining method, examined Pur- 
kinje’s cells and described cytologic pictures wliicb he considered 
to show n close relation of the basophil substance to the nucleo- 
chromatin. In his opinion thc.se pictures support the view that 
Ni.s'd’.s l)odies arc a product of the activity of the nucleus and 
arc formed by diffusion from the nucleus. He thus adheres to the 
.same view as HonMur.KK (1899), Spatz (1920) and StOhr (1923) 
regarding accumulations of a basophil substance close to the 
nuolen:? in nerve cells. 

Loo (1937) .studied the Feulgcn reaction on Purldnje’s colls 
in rat.s of different ages. The nucleolus had n faint reddish violet 
tmt and was surrounded by a number of markedly Fculgcn- 
|K>'<itive granules. He dc.scribe.s also Feulgcn-positivo granules 
lying in the cytoplasm. He states that with increasing age the 
f'lrticlcs round the nucleolus diminish, whereas the extra-nuclear 
iticre^'Tcs. Loo concludes from these observations that in Pur- 
kin jf s ctd.c there is a diffusion of particles containing thymo- 
liuchic acid in the cytopl.-i.sm. 
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B. Own Investigations. 

The material was taken from 3 cats and 10 rabbits, and was 
fixed in accordance with Gersb’s freezing-drying method or in 
Carnoy’s solution. It was analyzed in accordance with the proce- 
dure described in Chapter I, Part II, p. 60. In 24 serial investiga- 
tions complete- absorption spectra were taken, and in 10 addi- 
tional series the method for determining the distribution of nuc- 
leotides which is afforded by ultraviolet photography under uni- 
form conditions (see Chapter II, Part I) as well as other pre- 
■vdously reported methods were adopted. 

Ultraviolet microscopy. In photographing a cross section through 
a convolution of the cerebellum, one is struck by the fact that 
different Purkinje’s cells show a completely different ultra-violet 
cjdology. Some of them show the picture illustrated in Fig. 66. 
The nucleus is spherical, a large intensely absorbing nucleus is 
seen in the centre, whilst the remainder of the nucleus contains 
but little substance absorbing at that wave-length. In the cyto- 
plasm close to a sector of the nucleus, a crescent of highly ab- 
sorbing substance is observed. Otherwise the cytoplasm is but 
slightly absorbing. The ultraviolet absorbing picture of these 
Purkinje’s cells (in the sequel termed “type I”) greatly resembles 
that of the ganglion cells in Lofliius 'piscatorim. 

If the Purkinje cell layer in the cerebellum convolution is 
foUoAved in the same section in either direction, one will usually 
find, about a hundred fi from type I, a cell showing the ultra- 
violet picture illustrated in Fig. 69. The difference in absorp- 
tive power as compared with the preceding type of cell is most 
remarkable. The nucleus is rounded-off and in its centre we dis- 
cern the nucleolus, which, however, owing to the great absorp- 
tive capacity of the remaining nuclear substance, is brought out 
very badly in the picture. The cytoplasm is marked by a very 
high absorption. In the sequel these cells are termed “type II”. 

Among these Purkinje’s cells in the same convolution in the 
section there are cells whose capacity for absorbing at 2570 A 
ranges them, in ultraviolet cytological respects, between type I 
and II. See Fig. 72. The plates, as far as possible, were identi- 
cally copied. The cell shows a moderate absorptive power. In 
the photograph the nucleus comes out darker than in type II, 
but bghter than in type I. Close to a sector of the nucleus a cres- 
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c.Mit of fiililily :ibsrtrl>in" substance is sccn« and tbe absorptive 
po-.ver of tbi-'reinaininc cvtoplasiu is iutormcdiato between that 
of type I and type II. 

Tin--<' i. 

Absorption nieasurcnients. 

Tw<i of tb.e ai)sorption s]>ectra from points in a frozen section 
of a ccU are siiown in Fig, G7. 

Curve 1 is taken at a point bctwcc!i the nticloolus and the nuc- 
lear raembrnne. The absorption is low and, overlapping tlic non- 
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Vi?. c>7. At'.-.rptioTi sp'clr.n fn'im points in iv Purbinje ccU lypo I. Tho miclcnr 
fcurvi' 1) nn'l t!n> cytoplasm (curve 2). Low content of proteins in tho 
TiiO cytopb«:ti cont-nins merely small conrenlralions of protein siibstanco. 
Curve 3 indientes the loss of light by renttering. 


.“Pacific absorption, increasing at shorter ■wave-lengths, wc sec 
but a faint jirotcin band at 2570 A. No nucleotide Imud can bo 
obrervt'<l. Analysis of the. absorption spectra showed an average 
content of -I — S per cent of protein, whilst tlic nucleic acid con- 
w.vs below 0.1 per cent, 

Ctirve 2 is taken at a point in the cytofdasm between the nuc- 
b sr nc'jnbrane and the periphery of the coll in the faintly ah- 
soriusig part, and likewise shows merely a faint protein band. 
Ati.nl^-iis of the ab-orptiou .•spectra showed an average content 


oS 0 If) pi*r cent of protein, ^vhilst the nucleic acid concentration 
was bctiiw 0.1 per cent. As regards the capacity for binding 
o'-td riKil basic dyes, sfc bt,'lo%v. 

in d'c- intru'^ely abKorbinu area close to the nuclear membrane 





Fig. GG. Purkinjc cell, 
tj-pe I. Cytoplasm poor in 
nucleotides, apart from 
those of the nuclear mem- 
brane. JIagnification 
1,150 X. Objective aper- 
ture O.S.). Condenser aper- 
ture O.C. 


Fig. 72. Purkinjc cell, 
intermediate form. Mode- 
rate. amounts of cj-to- 
plasmic and nuclear- 
membrane nucleotides. 


Fig. GO. Purkinjc cell 
type II. Very large 
amounts of ribose nucleo- 
tides in nucleus and cyto- 
plasm. 



Fig. GS. Micro-incinerated Pur- 
kinjc cells of type I in the dark 
field. Small ash content, chiefly 
collected at the part of the nuc- 
lear-membrane intensely absorb- 
ing at 2600 A. Magnification 
700 X. 


Fig. 71. ’\licro-incinerated I'urk- 
inje cells, tj'pe II, in the dark 
field. Tlio whole cell yields a 
very large residue of ash. 
iSIngnification 700 X. 



Fig- 74. Purkinjc cell on which the Feulgen reaction has been performed. Nucleolus 
surrounded bj' Feulgen-positive particles. The Feulgen-positive substance in the 
remainder of the nucleus mainly collected in vicinity of nuclear membrane. 
Magnification about 1,200 X. 


HyltiSn: Protein metabolism in the nerve cell. 
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the measurements showed the occurrence of nucleotides in high 
concentrations. 

Micro-incincration. A group of micro-incinerated PurHnie’s 
cells of this type, photographed in the dark field, is shown in 
Kg. 68. At the site of the nucleolus and the nuclear-membrane 
nucleotides a copious reside of ash is observed, whereas the re- 
mainder of the cytoplasm is devoid of ash. This corresponds 
well with the absorption measurement data. 

Type II. 

Absorption measurements. 

Two of the absorption spectra are shown in Fig. 70. Curve 1 
is taken at a point in the nuclear substance between the nucleolus 



2400 2600 2800 3000 

Fig. 70. Absorption spectra from points in a Pnrldnio cell type II. The nuclear 
substance (curve 1) shows a marked nucleotide band. The shape of the curve 
i ndicates the presence of proteins rich in hesone bases. Curve 2, &om a point in 
the cytoplasm, shows large concentrations of nucleotides. Curve 3 as in Fig. 67. 

and the nuclear membrane. At 2650 A. there is a distinct absorp- 
tion maximum; the curve then falls towards long wave-lengths, 
forming a marked protein band at 2850 A, after which it falls 
steeply towards 3000 A. The tyrosin band lies at 2900 A, which 
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Ich untersuchte die Einwirkung des von mir verwendeten His- 
tamins auf die Gewebsoxydationen der Leber im Warburg- und 
Methyl enblau-Versuch, Dabei beobachtete ich keine sicheren 
Effekte. Die angewendeten Konzentrationen lagen zwischen 
1 ; 10'" und 1 : 10■"^ 

In meinen Versuchen wurden wahrend einer Stunde in der 
Regel 2,5 mg Histamin vernebelt, haufig bedeutend weniger. 
Nur ein Teil dieser Menge kann vom Versuchstier aufgenommen 
Tvorden sein. Ferner ist zu bemerken, dass die Yerunderungen 
der Gewebsoxydationen stets von dem Schw'eregrad und der 
Dauer des Asthmas abhingen, und nicht von der Histamin-Kon- 
zentration, die ndtig war, um das Asthma auszuldsen. Unter 
Beachtung dieser Befunde und mit Riicksicht u. a. auf die quan- 
titativen Gesichtspunkte, diirfte man daher berechtigt sein, anzu- 
nehmen, dass die im experimentellen Asthma gefundene Herab- 
setzung der Gewebsoxydationen nicht einfach eine Folge der 
Histamin-Einwirkung ist. Man hat vielmehr alle Yeranlassung 
dazu, die Veranderungen der Gewmbsatmung fiir eine Folge der 
Stenoseatmung selbst zu halten. Diese Verbalthisse werden eben- 
falls in Teil 2 dieses Kapitels naher behandelt werden. 


2. Die Gewebsoxydationen bei Herabsetzung des Sauerstoff-Ge- 
haltes und Erhohung des KoMensaurc-Gehaltes in der 
Atmungsluft. 

In Kapitel IV und V wurde gezeigt, dass die Sauerstoffauf- 
nahme bei schwererem Asthma bedeutend sinkt. In Kapitel V 
wurde ferner nachgewiesen, dass die Sauerstoffsattigung des 
arteriellen Blutes auch bei einem leichteren Asthma abnimmt. 
Dies konnte unter den fraglichen Bedingungen nur durch eine 
Erschwerung des Gasaustausches in den Lungen ei'klart werden. 
Die Erschwerung des Gasaustausches in den Lungen diirfte 
ihrerseits zum Teil dadurch erklarlich sein, dass im schwmren 
Asthma die Lungenventilation pro Minute abnimmt (Kapitel Y). 
Infolgedessen sinkt die alveolare Sauerstoffspannung und die 
alveolare Kohlensaurespannung steigt an. Auch bei leichterem 
Asthma diirften wir mit einer Verschiebung der Zusammensetz- 
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Curve 2 in tlie same figure is from a point in the moderately 
absorbing cytoplasm between the nuclear membrane and the 
periphery of the cell. At 2600 A there is an absorption maximum 
and at 2800 a protein band. The tyrosin maximum lies at 2850 A. 
The cytoplasm thus contains nucleotides as well as proteins of 
mainly basic character, in moderate concentrations. The ex- 
tinction coefficients on an average are higher than the corres- 
ponding values in type I, but do not reach such high values as in 
type II. 

Feulgen reaction. The different types of Puxkinje’s cells react 
to this test in the same way. Ribodesose particles are found only 
in the nucleus and show there the same characteristic distribu- 
tion as in the analyzed ganglion cells. The largest groups lie close 
to the nucleolus in the form of minute rods. See Pig. 74. The 
nucleolus gives an entirely negative result, indicating that the 
nucleotides, amounting to about 2 per cent, must be of ribose 
type. The scanty amounts of Feulgen-positive particles in the 
remaining nuclear substance lie mainly in the vicinity of the 
nuclear membrane, as is shown also by Figure 74. 

On a visual estimate, the content of Feulgen-positive particles 
in the different types of Purkinie’s cells is quite similar. Though 
the Feulgen reaction does not admit of a quantitative determi- 
nation of the amount of ribodesose nucleotides, it does enable 
us to estimate the number of particles containing ribodesose 
nucleotides in histological sections. In some cases, therefore, 
comparison ■with the results of the absorption measurements 
can give us some information as to the ratio between the ribose 
and the ribodesose nucleotides in a part of a cell. The nuclear 
substance, apart from the nucleolus, in type I contained nucleo- 
tides -with an average concentration of about 2 per cent, where- 
as in the cells of type I the corresponding concentration was 
below 0.1 per cent. The Feulgen reaction showed no difference 
in the amount of Feulgen-positive particles in the two types of 
cell. This signifies that in type I high concentrations of ribose nuc- 
leotides are contained not only in the nucleolus, hut also in the re- 
mainder of the nuclear substance. 

The cytoplasm in the different types of PurMnje’s cells gave 
an entirely negative response to the Feulgen reaction. The large 
aggregations of nucleotides close to the nucleus in type II are 
thus likewise of ribose type. They completely correspond, both 
in composition and location, "with the nuclear-membrane nuc- 
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Abb. 20. Versuch vom 26. 2. 1943. 


Respirations-Versuch und Gewebsatmung bei Saiierstoffmangel. 

Allgemeinzustand des Versuchstieres: Ruhig. Wdhreud des Versuches 
tiefe, kraftige Atemzuge. Am Ende des Versuches sah das Tier matt aus. 
Zusammensetzung des Gasgemisches im System: 


Zeit nach Beginn 
des Versuches 

2 V 2 Std. 

3 > 


ELohlensaure- 
Gehalt 
0,42 % 

0,32 % 


Sauerstoff- 
Gehalt 
5,53 % 
2 , 71 % 


I. Rektaltemperatur iu Grad Celsius. 

II. Hauttemperatur in Grad Celsius. 

III. Sauerstoffaufnahme in cc pro Minute (reduziert). 

IV. Atemfrequenz pro Minute. 
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smaller. The area of the largest of the central sections compris- 
ing the nucleolus in the measured cells of that type averaged 
800 (i. The real absorption at 2600 A for type I averaged 
£ = 0.1 and for type 11 e = 0.3. If this difference were due to 


shrinkage, it should amount to 



that is, 48 per cent. 


However, the difference between the measured cells of types I 
and II did not exceed 25 per cent, whence the marked disparity 
in the nucleotide content cannot be due to a shrinkage caused 
by the treatment. 

If we consider the previously described course of the irritation 
conditions in the endocellular protein-forming system, correspond- 
ing to different phases in the production of cytoplasmic proteins, 
the above reported cytochemical observations of the Purkinje’s 
cells present the picture of a probable physiological process, in 
which the described types of cell correspond to different stages, 
and which leads to the building-up in the cell of nucleotides and 
proteins. 

In the Purkinje’s cells with a low content of nucleotides and 
proteins (type I) there are signs of an intense irritation of the 
protein-forming system in the form of a large nucleolus rich in 
nucleotides and of nuclear-membrane nucleotides in large con- 
centrations. In the next phase, analogously with the results 
described in Chapters IV and V, this intense activity has resulted 
in charging both the nucleus and the cytoplasm with ribose nuc- 
leotides and basis proteins (the intermediate forms referred to 
above). In this way the picture of the Purkinje cell of type II, 
■with ribose nucleotides and basic proteins in very large con- 
centrations throughout the cell, has apparently been produced. 
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Respirationsversuch und Gewebsatmung bei Sauerstoffmangel und Kohlen- 
saure-V berschuss. 


Allgemeinzustand des Versuchstieres: Ruhig wShrend des Versuches. 

Bei t wurde die Zirkulationsgeschwindigkeit im System von BjSS Liter 
pro Minute auf 0,16 Liter pro Minute geandert. Nach 1 Std. 25 Min. 
■mirde der von dem Versuchstier verbrauchte Sauerstoff teilweise durch 
atmospharische Luft ersetzt, wodurch der Sauerstoff-Gehalt im System 
allmahlich abnahm. Zusammensetzung des Gasgemisches im System: 


Zeit nach Beginn 
des Versuches 

1 Std. 12 Min. 

2 Std. 30 Min. 

3 Std. 30 Min. 


Sauerstoff- 
Gehalt 
12,20 % 
5,C8 % 
4,50 % 


Kohlensaure- 

Gehalt 

4,37% 

4,34% 

4,32 % 


I. Rektaltemperatur in Grad Celsius. 

11 und III. Hauttemperatur in Grad Celsius an zwei verschiedenen 
Stellen. 

rV. Atemfrequenz pro Minute. 

V. Sauerstoffverbrauch im Warburg-Apparat in cmm fur Niere. 

* » » > > > > Oberschen- 

kelmuskulatur. 
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brane, during wbicb ribose nucleotides are built up and, in con- 
nection tberewitb, also cytoplasmic proteins. Certain details in 
t in's mechanism were studied in the ganghon cells of fishes. 

Embryonic development. During the embryonic development of 
the nerve cell two stages can be distinguished. During the first 
stage the embryonic nerve cells increase in number by mitosis. 
Then follows a period of growth without division during which 
the nerve cell, in regard to the development of the nucleolar 
and nuclear membrane apparatus, does not deviate from other 
somatic cells. To this stage the unipolar neuroblast belongs. 
Its nucleus contains large amounts of ribodesose nucleotides. 
The cytoplasm is but little developed and contains ribose nucleo- 
tides and basic proteins in' moderate concentrations. To this 
stage belongs also the next step in the development on the nerve 
cell, the multipolar neuroblast, in which the amount of cyto- 
plasmic proteins has moderately increased. In this type of cell 
one can observe a moderate increase of the total amount of protein 
in the cytoplasm, which, as compared with a unipolar neuroblast, 
contains, relatively to the protein, comparatively small amoimts 
of nucleotides. 

In both these embryonal stages a nucleolus proper is lacking. 
In the nucleus, on the other hand, there is a chromocentre-like 
area containing ribodesose nucleotides in large amounts. Thus 
far the development of the nerve cell completely corresponds 
with that of other somatic cells. 

In the further course of its development, the nerve cell passes 
through a second period of growth, during which it increases 
in size and distinctly diverges from other somatic cells. During 
this period a large nucleolus rich in ribose nucleotides and an 
extensive apparatus of cytoplasmic nucleotides are developed. 
In connection mth the development of the nucleolus, the author 
has been able to show a chromocentre area in the nucleus, analogous 
in composition to that of certain invertebrates, and containing particles 
rich in ribodesose nucleotides embedded in a ground-substance 
of proteins rich in hexone bases in high concentrations and of ribose 
nucleotides. In the adult nerve cell this chromocentre remains, 
lying close to the nucleolus. During this second period of growth 
the nucleolar apparatus passes through a very rapid development. 
Detailed analysis shows that the nucleolar and nuclear-membrane 
system is intensely active. The nucleolus is large and rich in ribose 
nucleotides, the nuclei are excentricaUy situated in the cell, the 
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Atemfrequenz steigt anfangs und beginnt gegen Ende des Ver- 
suches zu sinken (siehe Abb. 21). Wenn die Atemfrequenz auf 
80 bis 100 pro Min. abgenommen hatte, wurden die Tiere in der 
Regel getotet. Die Zeit, die die Tiere unter der veranderten Gas- 
zusammensetzung standee, betrug meist etwa 1 I 2 bis 3 Stunden. 
Gegen Ende der Versuche sank die Haut- und Rektaltemperatur 
der Tiere. Dies geht aus dem in Abb. 21 wiedergegebenen Ver- 
such hervor. Die Versuehstiere sehen zu dieser Zeit matt und 
elend aus und schnappen mit jedem Atemzug nach Luft. Es kam 
manchmal vor, dass die Tiere bei einer Atemfrequenz von 140 
pro Min. plotzlich starben. Seziert man die Tiere unmittelbar, 
nachdem sie zusammengebrochen waren, so findet man meist, 
dass das Herz stark kontrahiert ist, ebenso wie man es sieht, 
wenn die Tiere in einem Histamin-Asthma, das langere Zeit 
anhielt, starben. 

Nach der Einwirkung von Sauerstoffmangel und nach der 
gleichzeitigen Einwirkung von Sauerstoffmangel und Kohlen- 
saure-Oberschuss waren die verschiedenen Organe bei der Sek- 
tion stark zyanotisch, sie zeigten aber im iibrigen keine makro- 
skopischen Veranderungen. 

Die erste orientierende Versuchsserie, die iiber das Verhalten 
der Gewebsoxydationen unter den fraglichen Bedingungen durch- 
gefiihrt wurde, ist in Abb. 22 wiedergegeben. 

In dieser Serie wurden ein Normalversuch (14. 1.), zw’ei Ver- 
suche, in denen das Versuchstier allein dem Sauerstoffmangel 
ausgesetzt wurde (9. 1. und 16. 1.), ein Versuch, in dem das 
Tier der Einwirkung eines Kohlensaure-Oberschusses unterw'or- 
fen wurde (12. 1.), und schliesslich zwei Versuche, in denen die 
Tiere unter der gleichzeitigen Einwirkung des Sauerstoffmangels 
und des Kohlensaure-Oberschusses standen (10. 1. und 13. 1.), 
angestellt. Bei der Analyse der in Abb. 22 wiedei’gegebenen 
Versuchsserie ergibt sich folgendes: 

Leber: Abb. 22 Nr. 1 ergibt sich, dass die Gewebsatmung der 
Lebei in den beiden Versuchen, in denen das Tier gleichzeitig 
der Einwirkung des Sauerstoffmangels und des Kohlensaure- 
Oberschusses ausgesetzt war, deutlich vermindert war. Dagegen 
zeigten sich keine sicheren Veranderungen der Gewebsoxyda- 
tionen in der Leber unter den iibrigen Versuchsbedingungen. Es 
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in structure; The nucleolus in these cells contains ribose nucleo- 
tides in large concentrations and at the periphery is surrounded 
by a number of particles rich in ribodesose nucleotides. Close to 
the nucleolus lies the above-described chromocentre. The re- 
mainder of the nuclear substance contains proteins rich in hexone 
bases, in the anterior horn cells in relatively large, in the spinal 
ganglion cells in rather small, concentrations. In some of the 
smaller spinal cells the nuclear substance also contains ribose 
nucleotides. The cytoplasm in the anterior horn cells contains 
large amounts of ribose nucleotides and proteins rich in hexone 
bases in very large concentrations. In the cytoplasm of the spinal 
ganglion cells these substances occur in much smaller con- 
centrations. 

Motor irritation. During intense muscular work a disappearance 
of the nucleotides and proteins in the cell could be observed in 
the root-cells concerned. From this it is inferred that increased 
activity of the nerve cell is accompanied by extensive process of 
protein and nucleotide metabolism. As a symptom of the irritation 
of the protein-producing system, the nucleolus is remarkably large 
and contains more basic groups than the nucleolus in cells from 
animals “at rest”, whilst small quantities of protein, with a 
relatively large amount of basic groups, are found in the nuclear 
substance. This shows that, though the cell mechanism is adjusted 
for recuperative processes, they are unable, owing to the greater 
motor activity, to compensate the loss. 

Sensory irritation. After faradic irritation of spinal ganglion 
cells, a marked increase in the cell’s content of nucleotides and 
basic proteins, amounting to 2 — 3 times that of the non-irritated 
cell, as well as signs of an intense irritation of the nucleolar 
apparatus could at first be observed. The most probable explana- 
tion seems to be that during the protracted irritation the protein 
substances in the cell are steadily consumed, that the loss is met 
by the formation of new protein, but that this recuperative 
activity, owing to the drastic effects of the lengthy faradic irri- 
tation, does not suffice to compensate the breaking-down process: 
the cel] is eventually drained of proteins. The experiments 
with faradic irritation thus show that it is actually possible to 
set the nucleolar apparatus in operation by artificial irritation, 
and the changes show the same general character as in prolonged 
motor irritation, namely a disappearance of the proteins in the 
cytoplasm. 
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mere: Abb. 22 Nr. 2. Unter alien Versuchsbedingungen sind 
die Gewebsoxydationen normal und von gleicher Grdsse, wie in 
den in Abb. 18 und 19 wiedergegebenen Versuchen. Ebenso wie 
die Gewebsoxydationen der Niere vom Histamin-Astbma nicht 
beeinflusst werden, scheinen auch unter . den hier angewendeten 
Versuohsbedingungen die oxydativen Prozesse im Nierengewebe 
nicht verandert zu werden. 

Die eben besprochene drientierende Versuchsserie schien dar- 
auf hinzuweisen, dass mindestens in bestimmten Organen die 
Gewebsoxydationen herabgesetzt werden, wenn die Versuchs- 
tiere vor ihrem Tode einer Veranderung in der Zusammensetzung 
der Einatmungsluft ausgesetzt wurden. Die Versuche der betref- 
fenden Serie sprechen auch dafiir, dass man in manchen Orga- 
nen (Leber und Oberschenkelmuskulatur) bei der gleichzeitigen 
Einwirkung von Sauerstoffmangel und Kohlensaure-Oberschuss 
leichter Vertlnderungen in den Geweben hervorrufen kann, die 
sich in einer Herabsetzung der oxydativen Prozesse manifes- 
tieren. 

Da wir im expOrimentellen Asthma, wie weiter oben dargestellt, 
mit einer Herabsetzung der Sauerstoffspannung und ErhOhung 
der Kohlensaurespannung im Organismus rechnen raiissen, un- 
tersuchte ich an einer grosseren Anzahl von Versuchstieren die 
Gewebsoxydationen, nachdem die Tiere der Einwirkung der bei- 
den genannten Faktoren unterworfen wurden. Dies geschah, um 
ein geniigend grosses Versuchsmaterial zu erhalten, das sichere 
Schliisse zu ziehen erlaubte. Dagegen wurde nur eine geringere 
Zahl von Versuchen angestellt, in denen die Einwirkung des 
Sauerstoffmangels und des Kohlensaureiiberschusses, jeder allein 
filr sich, untersucht wurde. Die Ergebnisse der ausgefiihrten 
Versuche sind in Abb. 23 und 24 zusammengestellt. In diesen 
Versuchen wurden vor allem folgende Gewebe untersucht: Leber, 
Oberschenkelmuskulatur, Zwerchfell, Herzmuskel und Niere. 
TVie aus Abb. 23 hervorgehf, ist bei gleichzeitiger Einwirkung 
von Sauerstoffmangel und Kohlensdure-Vberschuss die Berab- 
setzung des Sauerstoffverbrauches im Warburg-Versuch filr die 
Leber, die Oberschenkelmuskulatur, das Zwerchfell und den 
Herzmuskel statistisch sichergestellt. Dagegen sind die Gewebs- 
oxydationen in der Niere nicht vermindert. Im allgemeinen 
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in view of their special cytology and size, are particularly suited 
for investigation. 

In a cross section through a part of the cerebellum, for the 
purpose of ultra\’iolet microscopy, the author observed in the 
same convolution Purldnje cells showing throughout (1) a loio 
content of nucleotides and proteins and (2) a very high content 
of those substances in nucleus and cytoplasm. Between them there 
were cells holding an intermediate position in regard to composi- 
tion, thus forming a transition between the two main types. 

Prom Purldnje cells with a loio content of nucleotides and 
proteins and — as a token of the irritation of the nucleolar 
apparatus — , well-developed nuclear-membrane nucleotides, one 
can follow the successive charging of the cell with nucleotides 
and basic proteins until it is converted into the second main type 
of the Purldnje cells, with a high content of proteins and nucleotides 
both in the nucleus and in the cytoplasm. The cytochemical 
pictures of the Purldnje cells are in good correspondence with 
the results obtained in the above reported experiments with 
artificial irritation. 

Prom the above observations it may be inferred, with some 
degree of probability, that the Purkinje cell pictures represent 
different functional conditions. 
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Abb. 23. (Siehe S. 132.) 
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7iiion, whilst the nucleolar system exhibited symptoms of intense 
irritaiion. This is a striking indication that the decrease in the 
proteins of the cell is closely associated with its function, and that 
reparative iirocesses immediatelj set in, though, after intense 
activntv or irritation, they are unable to make good the losses. 

In spinal ganglion cells subjected to irritation with induced 
electric currents, neA\’ proteins are formed with surprising rapidity, 
but, if ihe irritation is prolonged for some length of time, the 
cytoplasm will eventually be drained of those substances. Here 
too the function of ihe intensely irritated cell appears to be correlated 
with an immense desiruclion of proteins and a recuperative process. 

These observations, in short, show that intense protein-rebuild mg 
processes, which Quay extend to the quo for part of the cell-body sub- 
stance, are carried on in close connection ivith the function of the 
nerve cell. 

These views are further borne out by studies of regenerative 
processes after nerve excision, and particularly by the fact that 
the rapid development of the organelles of the protein-forming 
system sets in precisely at the moment when the function of the 
cell is beginning to be restored. 

Finally, in the study of a special case, namely Purkinje’s cells 
taken from the cerebellum of rabbits and cats, it has been shown 
that uQider physiological conditions cytochemical cell pictures arc 
found which entirely correspond with the observations made in 
regard to cells in relatively inactivity or with those which have 
been set into intense activity. 
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Abb. 23. Vbersichtsbild der mit der Warburg-Methode ausgejilhrten Ver- 
siiche. Jeder Stab representierfc einen Versuch. Die Stiibe sind nur nach 
ihrer Lange geordnet. In der Rubrik Histamin-Asthma wurden die Ver- 
suche, in denen der Asthma-Anfall weniger als 5 Jlinuten andauerte, in 
einer besonderen Gruppe zusammengestellt. Diese Versuclie wurden aber 
in die Berechnung der Mittelwerte und der mittleren Fehler mitauf- 
genonunen.^ 

1. Leber. 

2. Oberschenkelmuskulatur. 

3. Zwerchfell. 

4. Herzmuskel. 

5. Niere. 

Ordinate: Sauerstoffaufnahme in cmm wdlirend der ersten halben Stunde. 

Abb. 24. Vbersichtsbild iiber die ausgefuhrten Methylenblau-Versuche. 
Jeder Stab representiert einen Versuch. Die Stabe sind der Grbsse nach 
geordnet. 

In jeder Rubrik gibt es drei Gruppen: 

Gruppe I: 1000 y Methylenblau in 5 cc. 

Gruppe II: 1250 y » » 5 cc. 

Gruppe III: 1000 y » » 1,3 cc. 

1. Leber. 

2. Oberschenkelmuskulatur. 

3. Zwerchfell. 

4. Herzmuskel. 

5. Niere. 

Ordinate: Entfarbungszeiten in Minuten. 

den Lungen Veranderungen der Sauerstoff- und Kohlensaiire- 
tension des Blutes auf, die ihrerseits gemass den hier dargestell- 
ten Versuchen im Stande sind, die Gewebsoxj’^dationen zu senken. 

Wie friiher erwahnt, konnte BOngeler (1934) naeli grossen 
Histamin-Dosen nur dann eine Herabsetzung der Gewebsoxyda- 

' Bei der Einwirkung von Kohlensaure enthalt die Abb. einen durch- 
gehend auffallend hohen Wert. Dieser stammt von einem Versuch, der 
nach Abschluss der ubrigen Versuchsreihen mit einem albinotischen Tier, 
das von einem anderen Tierhandler geliefert wurde, ausgefiihrt wurde. 
Zu den fruheren Versuchen wurden stets gefarbte Tiere verwendet. Es 
ware moglicherweise richtiger, diesen Wert auszuschliessen, zumal da 
keine Kontrollversuche mit gleichartigen Tieren ausgefUhrt Averden 
konnten. 
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wBbsoxyddtioiiQn wsscntllcli ist, (ibcr iii/HdcstB/is hi iiicuic hen 
Fallen muss der Sauer staff mangel diirch einen gleichzeitigen 
Kohlensdure-Vberschuss unterstutzt xoerden. Der Entstehungs- 
mechanismus dieser Veriinderungen soli in spilterea Uiitersu- 
chungen eingehend behandelt werden. 

3. Die anaerobe Glykolyse. 

In einigen Versuclisserien wurden Bestimmungen der anaero- 
ben Glykolyse durchgefiihrt, vor allem in der Leber, da diese das 
Organ ist, in dem mit grdsster Regelmassigkeit die stiirkste 
Herabsetzung der Gewebsoxydationen feststellbar war. Diese 
Versuche wurden nur angestellt, um eine Vorstellung zu gewin- 
nen, ob die Veranderungen der in vitro untersuchten anaeroben 
Glykolyse mehr Oder weniger ausgesprocben waren, als die nacli 
Warburg und Thunberg festgestellten Veranderungen der Ge- 
websoxydationen. Tabelle 3 gibt die erhaltenen Werte von 
einigen Versuchsserien wieder. Die angegebenen Werte stellen 
die Kohlensaure-Produktion von 200 mg Gewebsbrei in der er- 
sten Stunde dar (siehe auch Tabelle 7) 

Tabelle 3. 

Glykolyse-Versuche. 


Datum 

Art des Versuches 

cmm CO2 

26.1. 1943. 

Normal 

31 

26 

28.1. 1943. 

Histaminasthma 

47 

48 

29.1. 1943. 

Histaminasthma 

41 

35 

1.2. 1943. 

Normal 

33 

33 

2.2. 1943. 

Oa-JIangel -f- COo-Oberschuss 

34 

31 

22.2. 1943. 

Oo-Mangel -|- C02-0berscbuss 

24 

19 

23.2. 1943. 

Normal 

32 


26.2. 1943. 

Oo-Mangel 

31 



Vergleicht man die gefundenen Werte fur die Glykolyse mit 
den enteprechenden Veranderungen in den Gewebsoxydationen, 
so gewinnt man die Auffassung, dass die Veranderungen in der 
anaeroben Glykolyse, wenn man solche uberhaupt feststellen 
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Tabelle 4. 



Datum 

Art des Ver-suches Milchsaure 

Brenztraubensi 


in 

mg% 

in mg% 

S. 2. 43. 

Normal 

25 

3,1 

9. 2. 43. 

Normal 

25 

2,.-, 

10. 2. 43. 

Leichtes anaphylaktisches 




Asthma 

28 

■ 2,5 

22. 2. 43. 

Sauerstoffmangel und 




Kohlen saure- 0 berschuss 


2,7 

23. 2. 43. 

Normal 


3,2 

26. 2. 43. 

Sauerstoffmangel 

154 

5,4 

3. 3. 43. 

Sauerstoffmangel und 




Kohlensaure-Gberschuss 

174 



der Glykogen-Gehalt der Leber im anaphylaktisclien Schock 
erheblich ab, wenn dieser Ziistand lunger als 10 Minuten an- 
dauert. Dies diirfte wahrscheiniich so gedeutet werden, dass eine 
Glykogenmobilisierung aus der Leber zu Gunsten anderer Or- 
gane stattfindet. 

In Obereinstimmung mit den Ergebnissen arbeitsphysiologi- 
scher Untersuchungen sollte die Glykolyse im Beginn eines 
schwereren Asthmas vollkommen dem Ablauf der Glykolyse bei 
gewohnlicher schwerer Muskelarbeit in ihrer ersten, partiell 
anaeroben Phase entsprechen, dem Zustand, den man in den 
ersten Minuten nach Beginn der Arbeit beobachten kann, bevor 
sich die Lungen und der Kreislauf den erhohten Anspriichen 
angepasst haben (siehe Bang, 1935). Im weiteren Verlauf eines 
experimentellen Asthmas oder unter der langdauernden Ein- 
wirkung eines Sauerstoffmangels und eines Kohlensaure-Uber- 
schusses ware es nicht unmoglich, dass die Glykose in vivo 
gehemmt sein konnte. Am anoxybiotisch arbeitenden Frosch- 
herzen zeigte namlich Abdon (1942), dass sich die Cophospho- 
rylase-Aktivitat in vivo rasch verschlechtert. 

Es ware mdglich, dutch Belastungsversuche mit Milchsaure, 
bezw. mit Glykose eine nahere Aufklarung tiber das Verhalten 
der Glykolyse in vivo beim experimentellen Asthma zu erhalten. 
Derartige Versuche mussten aber fiir eine spStere Arbeit zu- 
ruckgeslellt werden. . 
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KAP. VII. 


Die Einwlrkuiig eliiiger SiiTbstaiizen aiif die 
erniedrigte Gewebsatiimng. 

Im vorhergehenden Kapitel wurde gezeigt, dass bei Meer- 
schweinchen, die unter der Einwirkung einer Verminderung der 
Sauerstoffspannung und einer ErhShung der Kohlensaure- 
spannung im Blute standen, die Gewebsoxydationen in vitro 
herabgesetzt sind. Man darf vermuten, dass diese Senkung der 
oxydativen Prozesse auf einer Storung der enzymatischen 
Prozesse in den Zellen beruht. Ware dies in der Tat der Fall, 
so ware es von grossem Interesse, festzustellen, ob die betref- 
fende Schadigung generell ist, oder ob sie sich auf bestimmte 
enzymatische Systeme beschrankt. 

In diesem Kapitel wird iiber Versuchsergebnisse berichtet 
werden, aus denen hervorgeht: In den Geweben von Versuchs- 
tieren, die unter der Einwirkung einer erhohten COo-Spannung 
und einer herabgesetzten Oo-Spannung des Blutes standen, er- 
wies sich ein bestimmtes Enzymsystem, in vitro untersucht, 
als ungeschadigt, wahrend ein anderes geschadigt sein dtirfte. 
Denn bei letzterem konnte eine Schadigung eines fiir dieses En- 
zymsystem notwendigen Coenzyms nachgewiesen werden. 

Im ersten Abschnitt dieses Kapitels wird der Effekt behandelt, 
den der Zusatz von Laktat und von Succinat auf die Herab- 
setzung der Gewebesoxydationen ausiibt. Im zweiten Abschnitt 
wird die Wirkung des Zusatzes von Cozymase und Cocarboxy- 
lase besprochen. Die Effekte wurden in der Hegel nur an der 
Leber untersucht. Eine geringere Anzahl von Versuchen wurde 
auch an anderen Geweben durchgefuhrt, aber hier soli nur iiber 
die an der Leber ausgefiihrten V^ersuche berichtet werden. 
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Man nalim an, dass die Cytochrome die physiologischen Aqui- 
valente des Methylenblaus waren. Die Verhaltnisse durften aber 
in dieser Beziehung noch nicht vdllig geklart sein; denn redu- 
ziertes Diaphorase-Flavoprotein reagiert nach Straub nicht mit 
Cytochrom C. Auch wird das Diaphorase-Flavoprotein nicht 
durch C 4 -Dicarbonsaurekatalyse reoxydiert (vergl. Straub, 1942). 

Die Eimmrlmng des Zusatzes von Succinat und Laktat auf die 
G e websoxydation en . 

Nach Zusatz von Succinat in einer Endkonzentration von 
m/20 zum Lebergewebe im Normal-Versuch findet man eine 
Starke Erhohung der Sauerstoffaufnahme beim Warburg-Ver- 
such (Abb. 26 und 27). Setzt man die gleiche Menge von Succi- 
nat dem Lebergewebe von Tieren zu, die unter der Einwirkung 
eines Kohlensaure-Cberschusses und Sauerstoffmangels standen, 
und deren Sauerstoffaufnahme infolgedessen herabgesetzt war, 
so steigt die Sauerstoffaufnahme so stark an, dass sie ebenso 
gross wird, wie die des normalen Lebergewebes nach Succinat- 
zusatz (Abb. 25 und 27). Die prozentuale Erhohung der Sauer- 
stoffaufnahme nach dem Zusatz von Succinat ist demnach er- 
heblich starker, wenn die Sauerstoffaufnahme des Lebergewebes 
vor dem Zusatz herabgesetzt war, als wenn sie vorher normal 
war. 

Der Zusatz von Succinat zu normalem Lebergewebe im 
Methylenblau-Versuch erhoht die Oxydations-Intensitat ein 
wenig. Die Erhohung scheint in der Regel starker zu sein, 
wenn das Succinat zu Lebergewebe zugesetzt wird, dessen Ent- 
farbungszeit nach der Einwirkung eines Kohlensaure-Dber- 
schusses und Sauerstoffmangels auf die betreffenden Versuchs- 
tiere verlangert ist. In dem in Abb. 25 wiedergegebenen Versuch 
betrug z. B. die Entfarbungszeit fur die Leber 83 Minuten, und 
fui die Leber -1~ Succinat 37 Minuten, wahrend in dem in Abb. 26 
wiedergegebenen Normal-Versuch die Entfarbungszeit der Leber 
27 Minuten war, und die der Leber -f Succinat 22 Minuten. 

In Abb. 28 sind einige Versuche mit schwacheren Suceinat- 
Konzentrationen dargestellt. In ihnen ist der Effekt auf die 
Sauerstoffaufnahme erheblich geringer. Bei einer Endkonzentra- 
tion von m/540 (II in Abb. 28) ist die Wirkung nur angedeutet. 
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Abb. 25. Yersuch vom 29. 6. 1942. Respirationsversuch und Gewebsoxyda- 
tionen im Histamin-Asthma. Das Versuchstier atmete in atmospharischer 
Luft. Asthma wurde durch 1 “/ooige Histamin-Losung ausgeldst. 
Allgemeinzustand des Versuchstieres: Ruhig wahrend des Versuches. 

1. Histamin-Asthma im geschlossenen System. 

I. Rektaltemperatur in Grad Celsius. 

II und III. Hauttemperaturen in Grad Celsius. 

IV. Sauerstoffaufnahme in cc pro Minute (reduziert). 

V. Atemfrequenz pro Minute. 

VI. Schweregrad des Asthmas. 

2. Gewebsoxydationen in der Leber. 

I. Sauerstoffaufnahme im Warburg-Apparat in cmm fiVr Leber + m/22 
Succinat. 

II. Sauerstoffaufnahme im Warburg-Apparat in cmm fur Leber + m/27 
Laktat + 1,5 mg Cozymase II. 

III. Sauerstoffaufnahme im Warburg-Apparat in cmm fur Leber + m/27 . 
Laktat + 0,5 mg Cozymase II. 

IV. Sauerstoffaufnahme im Warburg-Apparat in cmm fiir Leber + m/27 
Laktat. 
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Abb. 26. Versuch vom 1. 7. 1942. Respirationsversuch und Gewebsoxyda- 
tionen im Kontrollversuch zu Abb. 25. Bezeichnungen und Konzentra- 
tionen wie in Abb. 25, soweit nicht anders angegeben. Das Versuchstier 
atmete in atmospharischer Luft. 

Allgemeinzustand des Versuchstieres: Ruhig wiihrend des Versuches. 

1. Respirationsversuch. 

2. Gewebsoxydationen der Leber. 

II. Sauerstoffaufnahme im Warburg-Apparat in cmm fiir Leber + m/27 
Laktat + 3 mg Cozymase II. 

III. Sauerstoffaufnahme im Warburg-Apparat in cmm fiir Leber -b m/27 
Laktat -b O,05 mg Cozymase 11. 

3. Gewebsoxydationen der Oberschenkelmuskulatur. 

Bezeichnungen wie bei der Leber. 

(Siehe auch Tabelle 7.) 

Es ist interessant, dass man nach langerem Hunger (z. B. im 
Versuch vom 15. 12. 1942, in dem das Tier etwa 40 Std. ge- 
hungert hatte) eine Herabsetzung der Sauerstoffaufnahme der 
Grewebe im Warburg-Versuch finden kann. Der Ausfall des 
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Bei geniigend starker Einengung der Luftwege entsteht eine 
Dyspnoe, die oft als Stenoseatmung bezeichnet wird. Je nach 
der Lokalisation des Hindernisses manifestiert sie sich etwas 
verscbieden. 

Experimentell kann man Stenoseatmung auf verschiedene 
Weise hervorrufen. Zwei TyP^n sind vor allem zu imterschei- 
den: 1.) Eine Stenoseatmung kann dadurcli ausgeldst werden, 
dass man die Versuchsperson Oder das Versuchstier durch ein 
zu enges Mundstiick resp. durch eine eingeengte Trachealkantile 
atmen lasst. Diese Form wird gewOhnlich »mechanische Ste- 
noseatmung» genannt. 2.) Man kann Stenoseatmung dadurch 
hervorrufen, dass auf die eine Oder andere Weise Stoffe in den 
Korper eingefiihrt werden, die das Bronchiallumen verengern. 
Zu dieser Gruppe gehdrt die Stenoseatmung im anaphylakti- 
schen Schock und beim experimentellen Asthma. Bei letzterem 
wird die Atmungsveranderung durch Inhalation ausgeldst. 

Beim Menschen kommt Stenoseatmung bei einigen Erkran- 
kungen vor, Sie beruht auf verschiedenartigen Einengungen an 
verschiedenen Teilen der Atmungswege. Zu diesen Erkran- 
kungen gehdren Asthma bronchiale, kapillare Bronchitis, Krupp, 
Pseudokrupp und Tumoren an den Atmungswegen selbst Oder 
in ihrer Kachbarschaft. Hierbei gleicht die Stenoseatmung bei 
einem Teil der Falle am meisten der mechanischen Stenose- 
atmung (z, B. bei Tumoren, die die Trachea einengen), bei 
anderen Fallen mehr dem Typus der Atmungsveranderung, der 
durch Pharmaka Oder im anaphylaktischen Schock ausgeldst 
wird (z. B. bei gewissen Formen des Asthma bronchiale). 

Es gibt experimentelle und klinische Untersuchungen, die 
zeigen, dass es bei der Stenoseatmung zu Veranderungen der 
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Abb. 27. Versuche fiber das Verhalten der Gewebsoxydationen bei Zusata 
von grossen Mengen Succinat und Laktat. Endkonzentrationen waren fur 
Laktat in/27 und fur Succinat m/20. 

1. Nonnalversuche. 

Kein Zusatz. 

Zusatz von Laktat. 

+++ Zusatz von Succinat. 

2. a. Asthma-Versuche. 

— Kein Zusatz. 

Zusatz von Laktat. 

+-b-f Zusatz von Succinat. 
b. Sauerstoffmangel und Kohlensaure-Uberschuss. 

Kein Zusatz. 

— ■ — ■ — Zusatz von Laktat. 

(Siehe auch Tabelle 7.) 

hinweisen, dass unter den fraglichen Bedingungen die Succinat- 
Oxydation in vivo erschwert ist. Die einfachste Erklarung 
fur diese Erscheinung diirfte die sein, die von Foessmax gegeben 
wurde, namlich dass Sauerstoffmangel die Ursache fur das 
ehlen der Succinat-Oxydation in vivo ware. In diesem Falle 
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Untersncbungen beliandelt, die iiber den oxydativen Gewebs- 
stoffwechsel bei diesen Zustanden vorliegen, da manche Autoren 
Yerandennigen der Oxydationeii in den Geweben fiir die pri- 
miire Ursache der Veranderungcn des Gasaustausches halten. 



KAP. 1. 

LitcratTirubcrsiclit und Fra^c'slellunji;. 

1. jMcclranischc Slonospalmung- 

Kiiiii.Kit (1877) un(('rsm'hU‘ nn Kaninchi'ii. Kaf/.cn mul Huiiden 
die Veriiiulerunpon dor Lnaponvonlilation and Atomfroijnonv.. 
die bei mcclniniseh luMvorp'nifonor Stonosoalnninsr auftndon. 
Bei Kaninchen n'urdo cin BU'idralit nm die Trachea jicU'irt. Die 
(lurch die Zukicmniunjr dcs Blcidrahtes entstchende Dy.<puue 
^Ynrde bis zu 14 Tasjen uaidi AuU'fiuivj: der 8lcno?c nutcrsnehl. 
Bei Kaizen und llunden wurchMi mir akulc Yersuehe ausjrcfiihrL 
und die Stenoscatnuuip: (lurch cine Einenirunfr der Traelu'al- 
kaniilo lanvirkt. Die Trachealkanule wurde in alien V('rsuehen 
init einem Apparal znr Bestiininnn}r der Lnufienventilation pro 
Minute verbunden. Mittels eines ( •zenuak'sclien Dtippt'lliebels, 
der auf dem Sternum der Versuehstier(' anccebraeht wurde. 
wurde der Luftstroin im Apparat so freleitel, dass die Tiere in 
der einen Hic.htunii ein-, in der anderen ansatmeten. Dnreh 
(li(ise Anordun*? wurde das llindernis, das ein Atmunpsveutil 
(larstollen kann, vennieden. Man kann alter peiriui dieses Vur- 
srehen einwenden, dass der Dojipelhebel einen (Ttiwissen NVider- 
stand t^CfCen die. TlKtraxexkursionen ansuben kann, nnd dass 
ausserdem z. B. eine extreme Ausdehnunj; des 1’liorax nicht 
immer mit der Einatmunjr von Luft einherireht. Diese Verhiilr- 
nisse dtirften alter die YersnebsresuBate kaum wesentlich be- 
einflusst haben. Dio Yersuehstvere warden ver Beginu des Yer- 
suehes auf den Oiterationstiseh •reschnallt. Ober die aiiirewandtc 
Karkose wild nichts mit»eleiU. KiUu.Ku fand bei alien unter- 
sueliten Tierarten wahrend der Stem^seatmuni: eine llerab- 
setzunjf der Atomfretpienz und eine ErhOhum^ des Atemvo- 
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lumens. Bei den ICaninchen ist die Frequenzabnahme so stark, 
dass die Lungenventilation pro Minute abnimmt. Bei den 
Katzen und Hunden nimmt die Atemfrequenz wahrend der 
Stenoseatmung bedeutend weniger ab, so dass bei diesen Tier- 
arten die Lungenventilation pro Minute gleicbzeitig ansteigt. 

Morawitz und Siebeck (1909) untersuchten bei drei Versuchs- 
personen den Effekt der Stenoseatmung. Diese wurde durcli 
Zuklemmen einer Sclilauclikupplung hervorgerufen, die an dem 
Mundstiick befestigt war, durch das die Versuchspersonen 
atmeten. Bei zwei dieser Versuchspersonen wurde die Lnngen- 
ventilation pro Minute grosser, bei der Dritten kleiner. Die 
Atemfrequenz nahm bei alien drei Fallen wahrend der Stenose- 
atmung ab. 

Moore und Binger (1927) untersuchten an Hunden in Diatyl- 
barbitursaurenarkose die Wirkung einer mechanischen Stenose- 
atmung, die durch Einfiihrung eines Widerstandes fur die 
Atmungsluft teils im Inspirations- teils im Exspirations-Schlauch 
hervorgerufen wurde. Die Versuchstiere wurden in einer Vor- 
periode, wiihrend der Stenoseatmung, die 1 bis 2 Stunden an- 
hielt, und in einer Nachperiode nach ihrem Aufhbren beobachtet. 
Wurde die Inspiration behindert, so stieg die Atemfrequenz 
an, wahrend das Atemvolumen und die Lungenventilation pro 
Minute kleiner wurden. Die arterielle Sauerstoffsattigung sank 
wahrend der Stenoseatmung auf etwa die Halfte, auch bei Ein- 
atmung eines Gasgemisches mit 95 % Sauerstoff. Die Kohlen- 
saurespannung des arteriellen Blutes stieg an, und das pn sank 
in manchen Fallen bis zu 0,2 Einheiten. Nach Entfernung des 
Atmungshindernisses blieb die Atemfrequenz noch langere Zeit 
erhbht, wahrend gleichzeitig das Atemvolumen und die Lungen- 
ventilation pro Minute zunahmen. Letztere erreichte in manchen 
Versuchen recht hohe Werte. Wurde dagegen die Exspiration 
behindert, so nahm die Atemfrequenz ab. Die Lungenventila- 
tion pro Minute wurde auch in diesem Fall kleiner. In einem 
Teil der Versuche sank auch unter diesen Bedingungen die 
arterielle Sauerstoffsattigung und das pn des arteriellen Blutes, 
wahrend die Kohlensaurespannung anstieg. Diese Verande- 
rungen waren aber nicht so regelmassig zu beobachten, wie bei 
Behinderung der Inspiration. Nach Entfernung des Atemhinder- 
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nisses wurden alle untcrsuchton Gmssen allmiihlieh uiedcr 
normal. Bei der Ol)diikt5on wurdo naah Bohinderimu <ior 
Inspiration Blutiiberfulluntc der Lmifren uml Bnnf'(;nddejn fre- 
funden. Nach Beliindcrunp der Exspiration konnien dauefrcn 
keine charakteristisclieii VordndcruJifrcn dfir Lnnsren l.eohachtet 
^verden. 

Anthony (1028) untensuchte mittels des Knippinfrajiparates 
die Lungenventilation pro Minute, das Alemvolununi und die 
Respirationsfrcqnenx bei vcrscbiedeneji (Iraden von Htenose. 
Dieso wurden dadurch bewirkt, dass cin Hahn, der r.wischen 
der Vorsuchspcr.son und dcin Apparaf einfre.set'/.t war, in vo.r* 
scbiedene Stellungen gedreht wurde. WUitrend der StenoseaUmnig 
wiirde das Atcmvolumcn bei 7 von insgo.^^anU 8 Ver.'juehsper- 
sonen crheblich verklcinort. Die Ke.spirationsfrequenz vermin- 
derte sich meist etwas, wcnn auch nur nnwe.<entiieh. Die 
Lungenventilation pro Minute nahm deutlich ait, Ferner wurde 
wiihrend der Stenoseatmung die Zeitdauer fUr jedc Eiu- und 
Ausatmung etwas verlangert, glcich stark fiir jetie der Aiein- 
phasen. Gleichzeitig wurde die Normalkapazitiit dor Lungen 
nach Rohrer (d. h. der Luftgehalt dcr Lungen in Kxpiraiions- 
stellung) erhoht. 

Mitteils einer pncumotachographischcn Mctbode zoigte 
ScHNEYER (1930), dass es beim Menschen untcr dcr Stonosc- 
atmung mit zunehmender Behindorung der Atniung zwei ver- 
schiedene Reaktionstypen itczUglich der Atemveriindenmgcn 
gibt. In der Regel wird das Atemvolnmcn erhoht, die Atein- 
frequenz herabgesetzt. Bei einem Teil der Vcrsuchspersonen 
nimmt dagegen die Atemfrequenz zu, wiihrend das Atcmvolunien 
verkleinert wird. In beiden Fallen wird die Lungenventilation 
pro Minute etwas herabgesetzt. 

Lippelt (1932) konntc Anthony’s Versuchsresultato mit der 
gleichen Methode an mittelschweren und schweren Slonoscn 
bestiitigen. Bei geringgradigen Atemstenosen land cr dagegen 
eine leichte Erhbhung der Lungenventilation pro lifinutc. 

Ludwig (1939) untersuchte mitt els des Knipping’sehen Appa- 
rates die Einwirkung von Gasmasken auf die Lungenventilation 
pro Minute, die Atemfrequenz, den Sauor.stoffvcrbrauch u. a, 
Seine Beobachtungen umfassen jeweils 10-Jlinutenpcriodcn. 
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Der Vcrf. untersuehle dabei toils allein den Effckt der Yer- 
grossernnfic dcs schJidlichen Raumcs (um 250 ccm), teils den der 
stenosierenden Einwirkung des Filters allein, nnd schliesslicb 
Avurdc die Beeinflussung der Atmnng dnrcli die komplette Gas- 
inaske studiert. Letxtcre stellt die Kombination der Wirkungen 
dcs sdiadlichen Raumes nnd der Atembehinderung durch 
Stenosierung dar. Unter alien drei Versuchsbedingungen wiirde 
eine Erholmng des Atemvolnmens pro Minute von etwa 7 auf 
10 bis 11 Liter gcftnidcn. Der Sauerstoffverbraucli pro Minute 
nabm dagegen ab. bei Anwendung der ganzen Gasmaske von 
3^ auf 2,cj Liter fUr eine lO-Minutcnperiodc. Bei der Stenose- 
atmung wurde der rospiratorische Quotient leicht erhbht. Lud- 
wig behauptet, dass in der Literatur keine Angaben fiber Iler- 
absetzung des Stoffwechsels bei Behinderung der Einatmung 
vorliegen. Er nimmt an, dass cs sick bier um eine reflektoriscbe 
Einwirkung auf die Stoffwecbsel-Zcntra bandele, die eine 
>Spannassnabinej- darsf elle. 

Mittels der Douglas’seben Metbode untersuebte Matthes 
(1940) die Lungenventilation pro Minute und den Sauerstoff- 
verbraueb von Versuebspersonen, die auf einer Tretbabn arbei- 
teten. und deren Atinung gleicbzcitig durcb Verengerung des 
Inspirations- Oder Expirationsscblaucbes in versebieden starkem 
Grade bebindert wurdc. Die Versuebspersonen rubten zunlicbst 
20 Minuten, dann gingen sic 3 Minuten auf der Tretbabn und 
atmeten danacb 3 Minuten in einen Douglassack. Der Verf. 
fand, dass die Lungenventilation pro Minute und der Sauer- 
stoffverbraueb grosser als normal wurde, wenn der Atmungs- 
v'iderstand unter 100 mm Wasser war. Wurde der Widerstand 
fiber diese Grenze binaus erbobt, so nabmen Lungenventilation 
wie Sauerstoffverbraueb ab. Der respiratorisebe Quotient stieg 
bei der Stenoseatmung ctwas an. Im Gegensatz zu Moore und 
Singer fand Matthes, dass bei sebweren Stenosen die Atem- 
frequenz unter Bebinderung der Inspiration starker abnabm, als 
bei Erschwerung des Expiriums. Die Erhobung des Sauerstoff- 
verbrauebs bei leiebteren Graden von Stenoseatmung berubt 
nacb der Ansiebt des Verf. darauf, dass durcb die Atmungsbe- 
binderung die Atemarbeit erbobt wird. Bei sebwereren Graden 
von Stenosierung dagegen soil die Ventilation niebt dem Bedarf 



16 


lll'.lXJi: COl.t.DMlI. 


entsprechen, iinfl infolgendopsen der Sauorsloffverbrrmeh sin- 
ken. Hierbei solUe die Muskelarbeil zuni Toil annerol) unter 
Vermehrung der Milclisaurebildiinj; erfolgen, wofiir nber vom 
Verb keine oxperimentellen Belcfrc gC}^ol»en v/erdon. Die Ver- 
suchspersonen sind ilbri^cn.s auch ))ei Drlibiinng des Atennvider- 
standes iiber 100 mm Wa.ssor im .Stande, ihre Ventilation zu 
erhohen, wenn man sic liierzu emirgiseh auffordert. Die 'I'at- 
sache, dass die Versuchspersonon ihre Ventilation niebt .‘jpontan 
vergrOssern, soil dariuif boruhon, dass miter diesen Kedingungon 
ein zu scliwacher Reiz auf das Atcmzentnitn ausgebbl ivird. 
Eigentiimlicher weise wird aber die bmigonvenfilatinn iiro 
Minute und dor Sauerstoffverbrauch winder vergrib^sort, wenu 
die Vcrsuchspcrson cine, langdauernde Mnskelarbcit so langc 
fortsetzt, bis sic nicht mchr waiter kann, also bi.s zur Kr- 
schopfung. Mattkus erkliirt dies IMiiinomen so. dass die Sauer- 
stoffschuld nicht bclicbig erhOht werden kann. Hat letzterc 
ein JIaximum erreicht, so muss die Sauer.stoffanfnahme wieder 
ansteigen. Bevor man diesen Schluss zieht, wiire es aber not- 
wendig, durch Milchsllure-Bcstimmnngon die GrOsse dor Sauer* 
stoffschuld zu untcrsuchcn, was nicht geschehen ist. Im Gegen- 
satz zu Ludwig nimmt MArriiEs an. dass die Horabsotzimg der 
Sauerstoffaufnahme bei Stenoseatmung cine Folge der unge- 
niigenden Lungenventilation ist. Als Beweis hierfur fUhrt er an. 
dass die Leistungsf;lhigkcil bei Stenoseatmung herabgcsctzt ist. 

Fasst man die Versuchsergebnisse zusammen, die bczviglich 
des Gasaustausches an Menschen und an Versuehstieren wiili- 
rend ciner anf mcchanisclie Weise ansgelbsten Stenoscalmnng 
gewonnen wurden, so ist zu sagen: Direktc Bestimmungon dor 
Sauerstoffaufnahme AYiihrend der Stenoseatmung wurden nur 
an Menschen ausgefUhrt. Ludwig fund hierbei cine Herabsetznng 
der Sauerstoffaufnahme. Das Gleichc beobachtetc MA'rrur.s untcr 
gewissen Umstiinden, niimlich bei schwerercr Beliinderung dcr 
Atmung, soweit diese nicht bis zur ErschOpfnng fortgesetzt 
wurde. Bei geringgradiger Atembebindernng dagegen ist der 
Sauerstoffverbrauch nach SIatthes orhOht. Was die Lungen- 
ventilation pro Minute betrifft, stimmen die Angabon der ver- 
schiedenen Autoren nicht iiberein. Ludwig fand cine Erluihung. 
Moore und Binger, Antiionv sowie Schneyeu eine Herabsetznng 
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der Lungenventilation pro Minute wahrend der Stenoseatmung. 
Kohler, Morawitz und Siebeck, Liprelt sowie Matthes beob- 
achteten bei manchen Fallen eine Vergrosserung, bei anderen 
eine Verkleinerung des Atemminutenvolumens. Meist nahm 
diese Grdsse bei leichten Graden von Atemstenose zu und ver- 
minderte sicb bei schweren Stenosen. 


2. Anaphylaktischer Schock. 

Loeninq (1911) zeigte an Meerschweinchen und Kaninchen in 
schwerem anaphylaktischem Schock, nach intraperitonealer Re- 
in jekti on, dass die Sauerstoffaufnahme erlieblich herabgesetzt 
war, -wahrend der respiratorische Quotient meist anstieg. Die 
Korpertemperatur der Versuchstiere konnte im schweren Schock 
um mehrere Grade sinken. Einen kompensatorischen Anstieg 
der Sauerstoffaufnahme nach dem Abklingen der anaphylak- 
tischen Reaktion lassen die Versuche von Loening nicht er- 
kennen. Bei leichter anaphylaktischer Reaktion an Kaninchen, 
die ungenugend sensibilisiert waren, stieg dagegen der Sauer- 
stoffverbrauch an, und die Korpertemperatur zeigte eine leichte 
Erhohung. Loening wendete die Methode von Haldane an. Er 
bestimmte vor Eintritt, wahrend des anaphylaktischen Schockes 
und nach seinem Abklingen jeweils in 2-Stunden-Perioden die 
Kohlensaure- und Wasserbildung, sowie die Gewichtsabnahme 
der Versuchstiere. Aus diesen Werten wird die Sauerstoffauf- 
nahme berechnet. Dies Verfahren hat u. a. den Nachteil, dass 
fiir die verschiedenen 2-Stunden-Perioden sich immer nur ein 
Mittelwert ergibt. Eine eingehendere Analyse des Gasaus- 
tausches kann daher nicht durchgefiihrt werden. Temperatur- 
messungen konnten aus dem gleichen Grunde immer nur 
zwischen den verschiedenen 2-Stunden-Perioden vorgenommen 
werden. Die igelartig zusammengekauerte Haltung der Ver- 
suchstiere mit ihrem gestraubten Fell deutet Loening zweifellos 
mit Recht als wilrmesparende Massnahme. Der Verf. schliesst 
hieraus, dass die Herabsetzung der Korpertemperatur nicht 
ihre Ursache in einem erhohten Warmeverlust, sondern viel- 
mehr in einer verminderten Warmeproduktion hat. Letztere 
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wivre die Folpo einer llerai)Sct7,unK der oxydntiven iin 

Organismus. I^kninc, liiilt dicsc Vennindcnmg der oxydativon 
Prozcsse fur die primilrc Yeriiiulcrung iin (dirnnisclien nnaphy- 
lalctischcn Schock. Sic wHre ciu weiteres Keuiv/.eidu'u des 
Scliockos, und wiirde durek si)e7.ifi.-('iu; aUergisciie Verihide* 
ruiigen in den Zcllen verursacld. Von der Mdgliclikeit. da?,s 
die IlerabRotzung dcs Gasanstansches pninional Inaiingt sein 
konnte, nimmt der Vorf. vollkommeiJ Ai»stand. 

Hmsen und Lksoiikk (15)M) iiCHtimmlen niitti-l> rhn'i< He.'jnra- 
lionskaloriinctcrp die WUrmeproduktion einc^ Hnndi.-«. der 
gegen Kaninchenscrum sensibilisiort war, vor \ind nacb der 
intravenosen Injeklion von Kaninefienf^eruin. lintt'-r.-rncbt '.vur' 
den nnr Sernmmengen, die eine Tcini>erainrKioigenjng bervf)r- 
rnfen, leider aber keino groj^Hcren Doaen. wie sir* naeh Ln-cHKt. 
(1914) notwendig sind, nm cinen Al)fnll der Temperatur zu 
bewirken. In einigen Versuchen mil sannjdiylaktisrbem Fitd>ers 
wurde cine Herabsetzung des Sticksloffnmsatzes nnd eino Ver- 
mindernng der Wilnneproduktion gcfiindon. Die Ver.-siirhe wur- 
den ubcT cinen lilngeren Zeitranm ansgedeiml. Der Hiind iia5;> 
fast 24 Stunden hintereinandcr irn Hcspirationsknlorinu.'t(‘r. 
dieses wurde aber alle Stunde gedffnet, nm die Heklaltomperatur 
des Tieres 7 ai messen. Dies Vorgeben verminderl den Wert der 
Versuche crheblich, da hierdurch die Bestiinmnngen der vom 
Versuchstier abgegebenen WUrmemengen unsiclier werden. 
Ausserdem wurde bei dem glcicbcn Tier ein Thymusprllparat 
(»Thymin» Poehl) ausprobierl, das der llund tilglicli gerade 
bis zum 6. Tage vor dem deutlichsten Vcrsucli crhiclt. In wie 
weit dieses, der daraaligen Zeit entsproebend, sehr unreine 
Praparat irgend cinen Einfluss auf den Ausfall des Versuehes 
batte, ist natilrlicb nicht zu beurteilen. 

An Meersebweineben, die gegen Kindersorum sensibilisiert 
Avaren, bestimmten AnnEunALOEX und Wkutueijieu (1922) vor 
und nacb intrakardialer Rcinjektion des bomologen Anticens 
die KohlensUureproduktion in Vr-Slunden-Perioden, sowie naob 
der Methode von Warburg die Atmungsgrossc versebiodener 
GcAvebe. Die Verfasser zeigten, dass die IvoblonsUure-Produk- 
tion wiibrend des anaphylaktischen Schockes erbeblicb abnabm. 
Sie zogen hieraus den Scliluss, dass der Gasaustauscb herab- 
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gesetzt wiire. Es ist jedoch nicht moglicli, sich aus derartigen 
Versuchen irgendeine sichere Vorstellung iiber den Sauerstoff- 
verbrauch zu machen, da sowohl Verandenmgen in der Grosse 
der Lungenventilation, wie auch solche im Milchsiluregehalt des 
Organismus erheblich die Menge der aiisgeatmeten Kohlensaure 
beeinflussen. Man weiss, dass sich der Milclisauregehalt des 
Blutes walirend des anaphylaktischen Schockes erhdht (Me 
CuLLOGH und O’Neill, 1925). Untersuchungen iiber das Verhalten 
der Lungenventilation im anaphylaktischen Schock sind mir 
nicht bekannt, in dieser Arbeit aber wird gezeigt werden, dass 
sich die Lungenventilation wahrend des experimentellen Asth- 
mas erheblich verandert. Es ist daher wahrscheinlich, dass es 
auch im anaphylaktischen Schock zu entsprechenden Verande- 
rungen der Lungenventilation kommt. Die Untersuchungen von 
Abderhalden und Wertheimer geben also wenig Aufklarung 
uber den gesamten Stoffwechsel an sich, sie sind aber um so 
interessanter, was die Gewebsatmung betrifft, da diese Autoren 
als erste eine Herabsetzung der Oxydationsgrdsse in den Ge- 
weben von Tieren nachwiesen, die im anaphylaktischen Schock 
starben Oder getotet wurden. Alle untersuchten Gewebe, niim- 
lich Oberschenkelmuskulatur, Herz, Leber und Gehirn, zeigten 
eine ungefahr gleich Starke Abnahme der oxydativen Prozesse 
bis zu 50 % , Diese Verlinderung wurde auch dann gefunden, wenn 
die Versuchstiere bereits nach 3 Minuten im anaphylaktischen 
Schock starben. Die Tatsache, dass die Atmungsgrosse schon 
nach so kurzdauerndem Schock abnahm, veranlasste Abder- 
halden und Wertheimer zu dem Schluss, dass dies Verhalten 
nicht auf Veranderungen der zellularen Substanzen, die fiir 
den Ablauf der Oxydationsprozesse notwendig sind, beruhen 
kdnnte. Sie halten es vielmehr fur 'wahrscheinlicher, dass durch 
die Reinjektion »Zustandsanderungen im Blut und dartiber hinaus 
in samtlichen Gewebszellen ausgeldst werden, die den Ablauf 
der Oxydationen st6ren». Die Verfasser diskutieren als mog- 
lich, dass die Krampfe wahrend des anaphylaktischen Schockes 
und der Tod im Schock auf Stdrungen an den Zellen der wich- 
tigsten Nervenzentren beruhen kdnnten. Die gleichen Autoren 
untersuchten auch die Kohlensaure-Produktion und die Gewebs- 
atmung von Tauben (1922) vor und wahrend eines anaphylak- 
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tischen Schockes, der durch Reinjcktion nach intriunuskulrirer 
Sensibilisienmg aiisgelost wurde. Audi in loichton Sdiockrui- 
stiinden, die sicli bei den Tauben vor allcm in eincr nachweis- 
barcn Senkung der Korpcrtcmpcratur inanifcstierten, wurde 
eine Yerminderung der Koblensiiure-Produktion, ((in Tempera- 
turabfall und eine Ilcrabsotzung der oxydativen Prozonse in 
den Gowoben gefunden. Letztcre war am auKgeprdglesten iin 
Gehirn, wiihrend die Gewcbsoxydationcn dcr Leber nur un- 
Avesentlich Oder iiberhaupt nicht hcrabgcpctzt waron. AmiEn- 
HALDEN und WEirniEiMEU haltcn UntcrRuchungcn des Gasau?- 
tauches und der Gewcbsatmung fiir eine empfindlidio MeUiodc, 
um das Wesen der Anaphylaxic 7 Ai studicrcn, und fiir (dn nodi 
empfindlicheres Kriterium, um VerUndcrungcn im Stoffwi'disd 
der Zellen zu erkennen, als es die Bcoliaditung der Kurper- 
temperatur darstellt. 

An Mliuscn, die durcli intraporitoneale Injektionon gcgen 
Pfordeserum sensibilisicrt waron, liestimmte BbxmxKu (1031) 
den Sauerstoffverbraucb vor und nacli intravenusor Injckfion 
des homologen Antigens in die SchwanzA’cne. Bei kleinon Anti- 
genmengen fand cr cine Erhuhung dcr Saucrstoffaufnnbme, liei 
grossen Antigendosen dagcgen wlihrend niehrerer Stundcn eine 
erhebliche Yerminderung dcrsclben. Diese Yersuche wurden 
aber unter wenig physiologischcn Bedingungcn ausgefUhrt. Bio 
Mause wurden in eincn grossen Glaskolben (inOO cc) gesctzt, 
der mit einer rbhrenfOrmigen Offnung vcrsdion war. Durch 
diese wurde der Schwanz dcr Mans herausgcsteckt. Es ist nicht 
sehr ansprechend, wenn bei eincr derartig gefessolten Mans der 
Sauerstoffverbraucb bestimmt wird. Aussordem dilrften die 
Miiuse durch die intravenose Injektion selbst erheblich erregt 
werden. Im Glaskolben war Lauge zur Absorption der ausge- 
atmeten Kohlensiiure. Die Bestimmung dor Saucrstoffaufnahme 
erfolgte manometrisch nach der Methode von Warburg. Kor- 
rekturen fUr die Yeriinderungen des Luftdruckes wiihrend der 
Yersuchsdauer wurden nicht vorgenommen. Im Hinblick auf 
die kleine Blutmengo einer Mans von 18 gr Korpergcwicht, 
stellt die intraveniise Injektion einer grOsseren Serumraenge 
(bis zu 0,7 cc) einen alizu grossen Eingriff dar, als dass man 
aus den Yersuchsergebnissen irgendwelche sicheren Schliisse 
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ziehen konnte. Zumindest die Erhohung der Sauerstoffauf- 
nahme, die Bongeler nach der Injektion kleiner Antigenmengen 
bei stark sensibilisierten Tieren Oder von grdsseren Antigen- 
mengen bei nngemigend sensibilisierten Tieren fand, kann nicht 
als sicker angesehen werden, vor allem da der Verf. selbst 
zeigte (1933), dass die fntravenose Injektion an und fiir sick 
bereits eine erheblicke Steigerung der Oxydationen in den Ge- 
veben beAvirkt. Fiir diese Reaktion fiihrte Biingeler den Begriff 
des »Wasserfehlers» ein. Bereits friiher warden von Wollheim 
und Brandt charakteristische »Wassereffekte» in anderer Be- 
ziekung (Veriinderungen der Blutzusammensetzung usav.) nack- 
geAA'iesen, die mbglickerAveise in ursacklickem Zusammenkang 
zu den von Bongeler gefundenen Reaktionen steken. Die Her- 
absetzung der Saiierstoffaufnahme dagegen, die dieser Verf. 
nach grossen Antigenmengen bei stark sensibilisierten Tieren 
fand, kann zumindest in qualitativer Hinsicht als signifikativ 
angesehen Averden. Bongeler untersuchte ferner an Meerschwein- 
chen, Milusen und Kanincken, die im anaphylaktischen Schock 
getotet AA-urden, die GeAvebsoxydationen der Lunge, Leber, Milz 
und Niere. Bei alien diesen Tierarten fand er im ausgespro- 
chenen anaphylaktischen Schock, der durck grosse Antigen- 
mengen an stark sensibilisierten Tieren (intraperitoneale und 
intravenose Reinjektion) hervorgerufen AA'urde, eine Herab- 
setzung der Gewebsatmung. Bei kleinen Antigenmengen Oder 
ungeniigend sensibilisierten Tieren AA^aren umgekehrt die Ge- 
AA'ebsoxydationen erhoht. Auch hierzu ist zu bemerken, dass 
man es nicht als sicker anseken kann, dass die Steigerung der 
GcAvebsatmung wirklich durck die anaphylaktischen Reaktionen 
hervorgerufen warden: denn die Injektion der gleichen Mengen 
von Antigen bewirkt bei nicht sensibilisierten Tieren ebenfalls 
eine Erhohung des Gewebsstoffwechsels von ungefahr gleicher 
Grossenordnung. Bongeler meint durch seine Versuche »ein- 
deutig zu beweisen», dass die Herabsetzung des Gasaustausches 
und die Temperatursenkung im anaphylaktischen Schock nicht 
die Folge der Atmungsbehinderung in den Lungen sind, sondern 
durch eine primare Verminderung der oxydativen Prozesse in 
den GeAA'eben zu Stande kommen, die von den Lungenverande- 
rungen vollkommen unabhangig ist. 



22 


HKl,(Jr, COLl.DAHI. 


Audi dor Stoffwcchsel von sonsiliilisiertcn Gewcbon, denon in 
vitro das cntsprediende Antigen zngcsdzt wurdo, wurde s(u- 
diert. 

Kkller (1927 und 1928) unlersuchfc inittcls dor Moiliodo von 
Warburg die Wirkung eincs Zusal'/.os von 'ruluirkulin 7.u don 
Gou-cbcn von normalen Meersdnvcinchon und an donon von 
Ticrcn, dio vorher tuberkulds infiziort waron. Hr konnto vodor 
im Sauerstoffvorbraudi noch in dor anaerolion Glykolyse irgond- 
einon Untcrschicd in dcr Keaktion normaler und tulH'rkuliiscr 
Gewcbe auf den Tuborkulinzusatz naduveisen. Fernor untcr- 
suchte er in cinzelnen Vorsuchen die Wirkung <lcs Zusatzes von 
Schweincserum zu Lcborschnitlcn von Moersohweinchc'n, die 
gegen dieses Antigen sensiluUsiort waren. llierlici baltc dcr 
Sauerstoffverbraudi die gleidie Grbsso, wie naeh doin Zusatz 
von Homoserum. 

Bcngeleu (1031) unlersuchtc in cinzelnen Versudion die Wir- 
kung eines Zusatzes von Pferdcserum zu den Gewd.'cn von 
Kaninchen, die gegen dieses Antigen sensibilisicrt waren. In 
nianchen Versueben land cr cine geringe I'irhulmng der Geweb.':- 
oxydationen, in anderen cine icichte Ilerabs.ctzuug (Methode 
von Warburg). 

BostrOm (1937) teilt mit. da.«s er nadi dem Zusatz des liomo- 
logen Antigens zu den Geweben von sonsibilisierten Meor- 
schweindien, Kaninchen und Hausen in den meiston Fiillen bci 
grossen Antigendosen einc Herabsotzung. bei kleincn Antigen- 
mengen dagegen cine ErhOhung dcr Gewebsatmung erhielt. In 
eincr spilteren Mitteilung (1938) konnten aber diese Versudis- 
resultate nicht reproduziert iverden. 

Jeney und Jilitarbeiter (1940) untcrsueliteu naeh Zusatz dcs 
homologen Antigens in vitro die Gewebsoxydationen und die 
Milchsiiurebildung einer Lebersuspension von Kaninchen. die 
gegen verschiedene Antigene (Kindcrscrum, Pferdeseruin, 
Hiihnereiweiss) sensibilisiert waren. Der Saucrstoffvcrbrauch 
der betreffendon Suspension war schr niedrig. Man darf daher 
annehmen, dass die Oxydationssysteme sehr crheblich goschd- 
digt waren. Naeh Zusatz des spezifischen Antigens ergab sich 
eine Steigerung des Sauerstoffverbrauches urn 9 bis 44 Bor 
Unterschied war am ausgepragtesten in den ersten 10-Minuten- 
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Perioden. Die Verfasser untersuchten ferner die Oxydations- 
intensitiit der Lcbersuspension im Jletbylenblauversuch nach 
THL'XHEnG. Sie nehinen an, dass nach dem Zusatz des Antigens 
eine raschcre Entfiirbnng (um 25 bis 30 9o) stattfindet. Meiner 
Meinnng nach konnen aber aus diesen Versuchen keine sicheren 
Schliisse gezogen werdnii, da die Entfiirbungszeiten stets zu 
kurz waren. In den Normalversuchen betrugen sie nur 2 bis 3 
Minuten. Der Methylenblauzusatz (50 bis 100 y) hiitte grosser 
sein iniissen. Die Verfasser untersuchten ferner die Milchsliure- 
bildung in ihren Lebersuspcnsionen durch direkte Bestimmung 
der Milchsliurc. nach verschicden langer Yerweildauer im War- 
burg-Apparat, toils mit, toils ohne Zusatz von Antigen. Die 
Ver.'juche varen cbenso angeordnet, Avie die zur Untersuchung 
des Sauerstoffverbrauehes. Bei Zusatz des spezifischen Anti- 
genes zu sensiliilisierten Geweben stieg die Milchsaurebildung 
um 10 bis 17 % an, Avahrcnd der Antigen-Zusatz zu normalen 
GeAveben keinerlei IVirkung hatte. 

BezilgHch des Gasaustausches und der Gewebsatmung im 
anaphylaktischen Schock Uisst sich zusammenfassend sagen: 
Loenixo fand l)ei ^leersclnveinchen eine Herabsetzung de^ 
Saucrstoffaufnahme, Bcn<!Eler an Miiusen in sclnverem ana- 
phylaktischem Schock cbenfalls cine Verminderung der Sauer- 
stoffaufnahmc. Iliriscn und Leschke stellten eine Verkleinerung 
der Kalorienproduktion fest, Avobci aber die rniiglicheii Fehler- 
quellen der A-on diesen Autoren angCAvendeten Methode zu einer 
zuriickhaltenden Bewertung ihrer Resultate zAvingt. Eine Her- 
absetzung der GcAvebsatmung des MeerscliAveinchens und der 
Taube im anaphylaktischen Schock Avurde zuerst von Abder- 
ilaldek und Wertheimer nachgCAviesen, und spiiter von Bcngeler 
bestUtigt (MeerschAveinchen, Manse, Kaninchen). Alle Verfasser 
nehmen an. dass die Verminderung des Gasaustausches und der 
GeAvebsoxydationen auf primaren Veriinderungen in den Korper- 
zellen beruht, die fUr die anaphylaktische Reaktion charakte- 
ristisch und spezifisch sind. Bezuglich der Veranderung der 
GeAA'ebesatmung, die bei Zusatz des spezifischen Antigens zu 
sensibilisierten Geweben in vitro einlritt, ist es nach den in der 
Literatur vorliegenden Angaben nicht moglich, sich eine ein- 
heitliche Auffassung fiber ihre Richtung zu bilden. 



24 


IIKLGE COLl^nAHU 


3. Asthma hronchiale. 


Nach alten Arbeiten von LAfiNKKC (182G) und BinttMtat (1870) 
berulit das Asthma hronchiale auf einem Krami>f der Broncliial- 
mivsknlatur, nach TaAUHK (1878), WntsBit (1872) tmd spiitor atich 
CunsciiMAKN (1882)' aber anf einem Sclnvellungsziistand der 
Bronchialschleimhaut-, Wie dem anch sein ma", os stelU in 
jedem Fall eine Form der Stcnoscatmung dar. Dies AS'urde u. a. 
aucli dxircJi Rontgenuntersnchungen mit Lij)lodol als Kontrmst- 
mittel bestiitigt, Diese Boobachlungcn warden im Aiifall und im 
anfallsfreien Intcrvall von STKiKiuam (1332) und von Bici.kh 
und Koucky (1938) ausgefiihrt. Die Yerfasscr karnen zu dem 
Ergobnis, dass die Stenose miliai dnich einen Spasmus der 
Bronchialmuskulatur hervorgerufen wird. Spiitcr stcllen durch 
die Sehleimsekretion gcbildetc Prbpfe die wichtigste Urfaclic 
des astlimatischon Zxistandes dar. 

Mit einer kombinierten spirographischen und pneumographi- 
schen Methode untersuebten STAEHF.iaK mul SciiUrzn (.1912) 4 
Astlimakrankc im Anfall, 2 von ihnen auch im Intx-rvall. Bei 
2 dieser Patienten wurde eine sichere ErhOhung der Lungen- 
ventilation wiihrend des Anfalles gefunden. Die Stoigerung der 
Lungenventilation kam bei einem dieser Krankcn durch eine 
Vergrosserung des Ateravolumens, bei dem anderen durch eine 
Erhdhung der Atemfrequenz zu Stande. Die Verfaasor nchmen 
an, dass der Anstieg der Lungenventilation auf einer Dberkom- 
pensation beruhe, indem der Organismus darnach strebe, das 
AtemMndernis zu tiberwinden. Inspirium wie Exspirium sind 
erschwert. 

Guafe (1923) gibt- in seiner tlbersicht iiber 3>Dio pathologische 
Phj^siologie des Gesamtstoff- und Kraftweehsels bei der Er- 
nkhrung des Menschen» an, dass er in nicht verOffentlichtcn 
Versuchen an Patienten mit Asthma hronchiale mit schwercr 
Dyspnoe stets erhohte Werte fur den Gasaustausch gefunden 
hatte, wenn auch dieser Anstieg nie mehr als 20 % gegeniiber 
der Norm betrug. Die Erhohimg des Gaswechsels wmrde aber 
nur dann gefunden, wenn die Kranken dj’-spnoisch Avaren. 
Nilhere Angaben iiber die verwendete Methode macht der An tor 
nicht. 
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Puu.n7j:it und Sioi/r/. (1925; nnl(*r.':iichtcn Asthma-Krankc 
ta^lieh mit dor Kro>rhVclion Mothodo. Sio Itosohroibon 4 Pa- 
tionlen. Fall 1 hatto in dor orston Zoil iiiiolitliche Anfiillo. Soin 
(Irnnduinsatz war v.w dioM'rZoit uni 50 % orlu’dit. Als dio niioht- 
lirlion A^Uuna-AnfiiHi' aufliiirlon. wnrdo dor (Jrundumsalz nor- 
mal. Fall 2 hatto koino Anfiillo, >oin (iruiuluinf'at'/, war normal. 
Fall hatto anfnnirs loioluo n>thnialt.-«oho Bo.'<chworden. 8ein 
(lnindum>al?. w.nr 7.u dio.<or Zoit nm 20 ?o orliolit. Nachdom d(;r 
Pationt lio'Ohwordonfri'i »:<>wordon war, war .<oin Grundunmatz 
normal. Fall 4 war hoi dor Aufnahmo hcsohwcrdonfrei. >ein 
Grundum^ntz normal. Ivin(‘> Naohts hokam dor Pationt einen 
2 Stundon dauornden Anfall. Am foliromlcn .Mor<ion v.-ar die 
Atmunfr kamn mohr voriindort, t'Oin (Jrundumsatz-Wert war 
ahor auf 05 ?o orhoht. Dio!-(>r Ansiio-r voi>oliwand wicdor 
im I*aufo oinifzor 'Pa'^o. Fine ^-o ('rhiddioho Stei^oriinp: dor 
8:iuor.<toffanrnahmo im -•'Uhasthmatisohon Stadium, da-s durch 
Bronchiti.<. iriomondo und pfoifmido Aiom’ioriiimoho und vortiofte 
Atmunjr trokonnzoichnet ist, kann nach dor Anslohl die.<cr Ver- 
fa.'isor nicht alloin auf <lor orhhhton Atomarboit borulion. Sie 
halten os dahor filr sichcr, da.‘*s dor Asthmaanfnll mit oinor 
zontral bodintiton Stoffwotdisolstci'trorunjr oinhorfrcht. Im Intcr- 
vall '/.wischon don .-Xsthmaanfallon waren die Grundumsatz- 
Worte ohor niedri}^. Dios etimint mit don Untor.suchungen von 
Tori'fm. (b\u:(*, Kku.s und Ti;lu:r iiberoin. wiihrend Citmo und 
Mac Elroy nonnalo odor loicht orhiihto ’.Vcrte fanden, Interes- 
sant ist dio Boobachtung von Poli.itzku und Stoi.tz, dass bei 
A.sthma-Pntio,ntcn olmo Anfiillc der Saucrstoffverbrauch unter 
Gnmdumsatz-Bcdingungea in grossen periodischcn Wellon 
schwa nkt. 

WirrKOwr.K und Pltow (1927) untersuchtcn mittoks des von 
FLKiiscn konstruiorton Pnoumotachographen dyspnoischc Zu- 
stiinde verschiedener Art. Von 3 Patienten im AsUima-Anfall 
hatlen 2 cine vergrOsserte Ventilation, nicht aber der drittc. 
Die gcsteigerte Ventilation entstand in beiden Fallen durch eine 
Vertiefung der AtemzUge. Die Vcrfas.'jer kommen zu dem Er- 
gebnis, da.ss man im Asthmaanfall luiufig, aber nicht immOT, 
eine Steigerung der Ventilation findet. Sie halten eine schlechtc 
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Durclimischung dcr Alvcolarluft rnit dftr Atmiing.'^lufl fUr die 
mogliclic Ursache diesor Vcntilation^-Stoigorung. 

NacU Gauji’ (1928) linhen Asthma'Paiionten iin Zusatainen- 
liang mil ihron Anfimen crlidhtc GrunduntPat'/.-Werte. Der VerE. 
imtevsuchto 3 Patienten wit achworein Anthma wiilirond mehrerer 
Wochen, aber nur in cinigorma.'iscn nihigein Ztisf4ind fmndcrat 
dyspnea). Er fand folgcnde Werte; 4' 2(* %, 4- :M % und 
4- 49 %. Der Verf. wciuietc einc Aieimnaske an. besiimmtc die 
Menge der Ausatmungslutt. und .analysierte diese. Im Gegensat'/. 
7 ,u PoLUTZEii und Stoltz nirnmt die.scr VerE, an. di<‘ EThbhung 
des Gnmdumsalzes Uunntn auf der vergrivsserten Atmungs- 
arbeit, auf den Spaswen dor Bronchialmuskulatur, auf dor ver- 
sPirkten Schleimsekrotion und auf dom Errniindung.'faktor be- 
ruhen. 

IlEiinsT (1928) untersuchte Asthm.a-Pationtcn wit leichtcrcn 
Atembeschwerden mitlels der Dougla«-Mcrlhode im 8lebon. Die 
Lungenventilation pro Minute in der Hul)e war orhrdit. wlihrend 
der Gasaustauseb sicb glcicbzcitig innerbalb der normaleit Grcn* 
zen bielt. Es liegen aber kcinc Untersuebungen (iber den G.as- 
austauseb der gleicben P.aticnten im Anfalks-freien Intervall vor. 
Im Arbeitsversucb siiid Patienten mit gleicbzcitigon Icicblen 
asthmatischen Atemveriinderungen niebtim Stande, ihre latngcn- 
ventilation ebenso zu steigern, wic die Ge-sunden. Die Sauer- 
stoffaufnalirae wird daber ungeniigend. 

Knipping und Moncrieff (1932) untersuebten mit IliUc des 
Knipping’seben Apparates bci versebiedenen Arten von Dyspnoe 
das Ventilationsiiquivalent, d. b. da.s Yolumen Einatmungslufi 
in Litern, aus dem der Organismus 100 cc Snuerstoff aufnimmL 
Durcb die Anwendung des von Akthony oingefilbrten Begriffes 
des Ventilationsiiquivalentes vemieidet man wenigstens teil- 
weise die Abbiingigkeit, in der die Vcntilationsgrusse zu den 
Gxydationsprozessen stebt. So bleibt boispielsweise das Aqui- 
valent bei Muskelarbeit unver.indert. Dicsi gilt nur ffir gesundc 
Yersuebspersonen. Als Normalwert fiir das VentilationsUqui- 
valent wird von diesen Autoren 2,4 angegeben. 9 Patienten 
warden wUbrend offenbar leichteren Asthmaanfiillcn untersucht 
Von diesen batten 3 ein erhiibtes Equivalent (3,7o bis .oca) 
wabrend die iibrigen 6 ein berabgesetztes Aquivalent batten 
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(1,G2 bis 2,io). Erstere Gruppe bestand aus den unruhigen Pa- 
tienten, die eiiie bescbleunigte und erschwerte Atmung soAvie 
ein vejgrbssertes Atem-Minutenvolnmen batten. Die Patienten 
der zweiten Gruppe zeigten koine psychische Unrulie, ihre At- 
mung war erschwert. langsam und vorsichtig, ilir Atem-Minuten- 
volumen vermindert. Nacli der Injektion von Adrenalin ver- 
iinderte sich das Ventilationsaquivalent in Richtung der Norm, 
die zu hohen Aquivalente wurden verkleinert, die zu niedrigen 
erlidht. Angaben iiber den Sauerstoffverbrauch in den einzelnen 
Fallen werden von den Verfassern nicht gemacht. 

Strieck und Marble (1936) bestimmten die Grosse des respira- 
toriscben Gaswecbsels an 6 Asthma-Kranken, die sich 24 Stun- 
den in einem Grafe’schen Universalrespirationsapparat befan- 
den. Die Sauerstoffaufnabme stieg unter diesen Bedingungen 
um 11 bis 42 % an, wobei von den Autoren nur ein Wert fiir 
24 Stunden angegeben wird. Eine Yeriinderung des respira- 
torischen Quotienten wurde nicht gefunden. Die Verfasser 
nehmen an, dass die vermehrte Atmungs- und Herzarbeit die 
Ursache fiir die Steigerung des Sauerstoffverbrauches ware. 
Letztere war am ausgepriigtesten, wenn ausser der Atmungs- 
muskulatur auch andere Muskelgruppen in Aktion traten, um 
durch eine Yeriinderung der Kdrperhaltung die Arbeit der 
Atmungsmuskulatur zu erleichtern. 

Roelsen (1937) fand bei 17 Asthma-Kranken, die in einiger- 
massen anfallsfreiem Zustand untersucht wurden, in 55 Bestim- 
mungen mit der Douglas-Methode nur 8 mal eine wirkliche 
Hyperventilation (ohne gleichzeitige Erhbhung des respirato- 
rischen Quotienten). Bei Letzteren war das durchschnittliche 
Atem-Minutenvolumen 10,35 Liter (reduziert auf 760 mm Druck, 
0°, Trockenheit). Der Normalwert der Lungenventilation pro 
Minute war bei gesunden Yersuclispersonen 6,i8 Liter. Der 
Durchschnittswert des Atemminutenvolumens aus alien 55 Be- 
stimmungen an Asthma-Patienten war 8,28 Liter. Yergleicht man 
die gefundenen Yentilations-Werte mit dem klinischen Zustand 
der Kranken, so findet man, nach Roelsen, haufig einen Zu- 
sammenhang in dem Sinne, dass eine Yergrosserung der 
Atem-Minutenvolumina bei dyspnoischen Patienten mit ver- 
tiefter Atmung vorkommt. Die Sauerstoffaufnahme war bei 
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(liescn Paticnten erhohl- luid hn Miltc.l urn 21 “J,, libor den 
basiilen Wcrten. Dor lespiratorische Quoti'nit war im .Mittel 
0,S1 (0,71 Ids po-i). Die Ursaclu; diescr hUufijr vorkoinnienden 
Erhohunfj dcr l^asal-^\'o^le isf. iiacli H'iv.i-si.n. fiariii 7.ii Miheti, 
dass die Kranken wahreiid der rntersiicliun.tr keine Imsalen 
Ycrsuchsbedinfrunjron aufrcchterbalUMi kbnn(;n, .>ie sind dys- 
pnoiseb, husten oft tind liej^en niciit so still, wic Cesmide. Ls 
muss aber als lienierkeiiswert hervor^ehobnn werden. dass 
Patient. Nr. o, der dreimal unterstiebt wnrdc. <lic niedrigste 
Ventilation iiro Minute und die kleinste Hiiuerstoffaufn.'duue in 
einem Zustand zeij^te, als seine .Atniunfr deutlieb ustluniitiseb 
war. Bei spilteren IJntersuelumfren tnit ndiiirerer .Atinunir war 
sein Saucrstoffverlirauch ',rriisser. Uor,!.sr.N zei'^rti'; ferner niitlels 
fraktioniertcr Alveolarluft-Analysen, dass bei Asthma- tind 
Emi)hysem-Patienten, die iti idnicermassen .‘infalisfroien Zu- 
slilnden untersucht wurden. die. Ventilation der ver.schifdenen 
Lunj^enabschnitte erheblicb unfrleicbmassiirer ist. als untcr iior- 
malen Verhiiltnisson. Untersuohuniren iin Asihma-.Anfall selb.st 
wurden nicht durchgoftihrt. Man kann aber. nach l?or.i.sKK. aks 
sicher annehmen, dass im Anfall die Ventilation in grossen Tcilen 
der Lungen stark herabgesetzt ist. 

Zusammenfassend liisst sich also sagen, dass. nach den in 
der Literatur vorliegenden Angaben, der .SancrstoffverbratU'b 
bei Astlima-Patientcn im Ztisammenhang mil dem Anfall erhohi 
ist. Was die Lungenventilation pro }ilinute betrifft. so sind die 
Angaben verschieden. Die moisten Autoren (St.xkukun und 
SenOTZE, WITTKOWEU und Petow, Roeesen) fanden erhohte Werte, 
wahrend KNirriNO und ^loNouiErF im Vergleieb mit der Lnntion- 
ventilation in anfallsfreien Zeiten teils zu hohe, toils zu niedrigo 
Werte beobachteten. 


4. Das Verliallen dcr Temperatur. 

Senator (1808) unterscheidet zwei Artcn von Atembehinde- 
rung, namlich eine Gruppe, bei der das Hindernis leichterer Art 
ist und vom Organismus durch eine kraftige Atmung kompen- 
siert werden kann, und eine zweite Gruppe, bei der das Hinder- 
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nis so scliwer ist, class es nicht kompensiert werden kann. 
Letztereii Zustand neniit Sekator Atmungsinsuffizienz. Er ist 
gekennzeiclmet durcli Cyanose und AbsinJcen der Temperatur. 
Senator rief experimentell Atoms to run gen auf verscliiedene 
Weise hervor: durch Anlegen einer Binde um den Thorax, durch 
Aulage einer Ligatur, die dann zusammengezogen -RTirde, um 
die Trachea, durch Einspritzung von 01 in die Trachea und 
durch Einlegen eines Ballons in die Pleurahdhle. Er benutzte 
fiir seine Versuche Kaninchen, Hunde und Katzen. Bei leich- 
terer Behinderung der Atmung konnten die Versuche uber 
mehrere Tage ausgedehnt werden, bei schwerer Behinderung 
nur einige Stunden bis zu einem Tag. Bei leichteren Hinder- 
nissen fand Senator meist eiiie Erhohung der Korpertemperatur 
bis zu 1°. Er nahm an, dass der Temperaturanstieg auf der 
erhbhten Leistung der normalen und accessorischen. Atem- 
muskulatur und der vergrosserten Herzarbeit beruhe. Bei 
schwererer Behinderung der Atmung konnte die Kbrpertem- 
peratur bis zu 6° wiihrend drei Stunden sinken. Die Ursache 
hierfiir ist, nach Senator, in einer Herabsetzung der Oxydations- 
prozesse und in einer Erhohung der Wilrmeabgabe durch die 
Haut zu sehen. Die Versuchstiere waren in diesem Fall cyano- 
tisch und hinfallig. Beseitigte man das Hindernis, so erholten 
sie sich allmahlich. 

In seinen weiter oben besprochenen Versuchen fand Kohler 
(1877) am Tage nach der Anlage einer Atemstenose bei vier 
von insgesamt fiinf untersuchten Kaninchen eine Temperatur- 
steigerung. Diese- schwankte zwischen 0,3 und 1,4°. Dieser 
Temperaturanstieg blieb mehrere Tage bis zu drei Wochen be- 
stehen. Einige Tage, bevor die Versuchstiere starben, begann 
die Temperatur zu sinken. Bei einem Kaninchen fiel die Tem- 
peratur von Anfang an, und blieb wahrend der folgenden Woche 
0,3 Grad niedriger, als vor Anlage der Stenose. Die Temperatur- 
steigerung erklilrt Kohler auf die gleiche Weise, wie Senator, 
wahrend er beziiglich der Temperatursenkungen annimmt, dass 
sie auf hinzukommenden Kreislaufsstorungen beruhten. 

Pfeiffer (1909) beschrieb als erster die Temperatursenkung 
im anaphylaktischen Schock des Meerschweincliens. Er hielt 
diese fiir ein neues charakteristisches Kennzeichen des ana- 



30 


IIICI.CK C:0LU)A11L 


phylaktischon Schocka, das von den anderon Syinptoinen nnai)- 
hiingig wiivc nnd rcgclmUasiger als diesc nuftrdtc. Pn.in’ui 
bezeichnete die Tempernlursonkung nls don >anaphyliiklistdicn 
Temperatnrsturz». Wcgen seiner strengcn SpezifiziliU und 
seiner grossen Empfindlichkcit ist, nach Prr.imnt, der Nacb- 
weis des anaphylaktischen Tempera tnrstnrzes '/.nr Benntxnng in 
forensisclien FilUen gecignet. Der Verf. '/.cigte, dass dieser ana- 
pliylaktisdie »Temperaturs(urz» nicht frilber. al.«: 14 Tage nacb 
der Sensibilisierung, ansgcldst. werden kann. Nacb .seiner Ans- 
Idsnng folgt cine Periode von mcbreren Wochen, w.'lbrend der 
es unnidglicb ist, ibn bervorzurnfcn. Die.s vilrc nacb Pi-r.irrKR 
»eine neue Ausserungsform der An(i-Anapbylaxie». Uamit ist 
deutlich ausgedriickt, dass Pfeu-fer den Temperatursturz niebi 
fiir cine Folgeerscbeinnng des Anftrelens der iibrigen Syinptoinc 
des anaphylaktiscbcn Scbocke.s hiilt, sondern fUr cin sclb.stiin- 
diges Parallclsynvptom z\i diesen. Dor AbfaB der Temperatnr 
lasst sicb am besten durcb intrapcritoneale Heinjektion liervor- 
rufen. 

Bereits friiber wurde Loening’s (1911) grundlcgcnde Arbeit 
erwillint, in der nacbgewicsen wnrde, das.s leiclito anapliylak- 
tische Symptorae mit einer Tcmpcratnrstcigcrnng cinbergeben. 
wlihrend bei einem schweren Scbock die Temperatnr sinkt. 

Friedberger nnd Mita (1911) fiibrten an Mecrsclnveincben, 
die gegen Hammelserum sensibilisiert waren, oingebende Unter- 
suchungen tiber die Einwirkung verscliicden grosser Dosen des 
homologen Antigenes auf die Temperatnr der Yorsncbstierc 
dnreh. Sie konnten dabei mit abnebmenden Antigenmcngen 
vier verschiedene Grenzwerte feststellen, niimlicb: 1.) Die 
Grenze des Temperaturstnrzes, d.li. die scbwUcbste Dosis, die 
gerade noch einen Temperaturabfail bewirkt. 2.) 3 >Dio obere 
Konstanzgrenze». Hiermit werden die Antigendosen bezeiebnet, 
die zwischen den temperatursenkendon nnd temperatnrstei- 
gernden Mengen liegen, nnd die selbst die Temperatnr nicht 
verandern. Die Bezeiebnung 3>Grenzc» ist bier nicht ganz zn- 
treffend, und deshalb in Anfidrrungsstriche gesetzt. 3.) Die 
Fiebergrenze, d. h. die schwilchste Dosis, die Fieber hevorrnft. 
4.) Die untere Konstanzgrenze; Antigenmengen nnterhalb dieser 
Dosis rufen keine Temperatnrverandernngen hervor. Welche 
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Reaktion nach Reinjektion aiiftritt, ist nach Friedberger iind 
Mita ausschliesslicli eine Dosierungsfrage. Je nach der Grosse 
der Dosis kdnnen drei verschiedene Erscheinungsformen der 
Anaphylaxie unterscliieden werden, namlich der melir Oder 
minder akut verlaufende nnd tddliche Schock nach den grossen 
Dosen. der psychrogene Verlauf mit Temperatursenkimg nach 
den mittelgrossen Dosen, nnd schliesslich der pyrogene Verlauf 
nach kleinen Dosen. Nach einem Gedankengang Doerr’s stellen 
die anaphylaktischen Reaktionen nur eine Steigerung normaler 
physiologischer Vorgange dar. Von dieser Vorstellung und der 
Tatsache ausgehend, dass jedes beliebige artfremde Eiweiss, in 
geniigend grossen Mengen injiziert, ein Meerschweinchen unter 
SjTnptomen, die dem anaphylaktischen Schock vollkommen 
gleichen, zu tdten im Stande ist, untersuchten Friedberger und, 
Mita auch die Wirkung verschieden grosser Mengen von Ham- 
melserum auf nicht vorbehandelte Meerschweinchen. Sie konn- 
ten hierbei, in vollkommener Dbereinstimmung mit dem Ver- 
halten der sensibilisierten Tiere, ebenfalls die vier verschiedenen 
Grenzdosen feststellen. Ein Unterschied zwischen den sensibili- 
sierten und den nicht vorbehandelten Tieren besteht nur darin, 
dass letztere weit grossere Mengen von Antigen zur Auslosung 
der entsprechenden Effekte brauchen. Das Verhiiltnis der ent- 
sprechenden Grenzdosen fur normale und sensibilisierte Tiere 
nannten Friedberger und Mita den anaphylaktischen Index. 
Dieser kann so hohe Werte wie 10® erreichen. 

Leschke (1914) wies nach, dass man auch beim Hund und 
beim Kaninchen die vier von Friedberger und Mita gefundenen 
Grenzdosen austitrieren kann. Der Verf. weist besonders auf 
die eigentumlichen Verhaltnisse in der anaphylaktischen Reak- 
tion bei der »oberen Konstanzgrenze» hin. Als Beispiel fiihrt 
er u. a. die Grenzdosen fiir einen Hund von 8 kg Gewicht bei 
intravenoser Injektion des homologen Antigenes (Homoserum) 
an. Es waren folgende Mengen: untere Konstanzgrenze 0,5 cc,. 
Grenze fiir Fieber 1,5 cc, obere Konstans^renze 15 cc, Grenze 
des Temperatursturzes 30 cc. Nach der Dosis, die der oberen 
Konstanzgrenze entsprach, hatte der Hund einen schweren ana- 
phylaktischen Schock, lag auf der Seite und hatte Kriimpfe, 
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Erbrcchen und Diarrhoe. Trotwlcm war din Kdrjiertempcrattir 
konstanl. 

Nach Citron und Li:schke (1913), .«owio Hasiumoto (1915) 
»verhindert die operative Aiis^cljaltung des Zwi.sclieninrnes da.s 
anaphylaktischc Fiel)cr». Wie Hashimoto angibt, kann man durck 
Inicktion des hoinologcn Antigenes direkt in die Cegend der 
temperaturreguliorendcn Zcntvcn bei scnsUnlisierten Tieren. je 
nach der Crosse der angewandtmi Dr).sen, Tenii)eraturfall odor 
Tcmperaturstoigerung ausb’isen. Dio bierv.u nr)twendigt'n Dosen 
sind kleiner als die, die man l)ei intravendser Koinjeklion an- 
wenden muss. Dies gelingt nicht. bei nicht sen.sil)ilisierien Tieren. 
Hashimoto nimmt an, dass das WUrmozcntrum seUist .^ensibilisiert 
wilre und bei dein Kontakt mil dcm Antigen mil Fieber (Rci- 
zungsssymptom) odor niit cinem Tcmporat.ur.stur?. (l/:Uimung.s- 
symptom) reagicrc, Hashimoto gibt at)er scll)st. an, dass nach 
intracercbraler Injektion stets sclnvore anaphylaktiselio Syinp- 
tome mit Atemnot und Krilmjden auftrelen. Diese Symptoine 
konnen jedoch kaum in irgend eine Beziehung zu den lompera- 
turregulierendcn Zentren gcbracht werden, sondorn lassen sich 
nur als echto anaphylaktischc Reaktion deuten. Doeuh (1929) 
weist auch darauf bin, dass cs eigcntumlich wilre, wenn nur da.s 
Warmezentrum und nicht gleichzeitig irgendwclche anderen 
Zentren, z. B. die Augenmuskolkerne, sensibilisiert scin solltcn. 
Dieser Verk betont, dass man cinen anaphylakti.‘:chen Schock 
durch intracerebrale Injektion ebenso gut ausldscn kann, wie 
durch einen der anderen Injektionswegc. 

Storm van Leuwen, Bien und Vakekamp (1924) untersuchten 
u. a. das Verhalten der Korpertemperatur bei Meenschweinchen, 
bei denen durch Inlialation milbenhaltigen Kornes anaphvlak- 
tische Reaktionen hervorgerufen warden. Bei leiclitcn Symp- 
tomen stieg die Temperatur um 0,2 bis 0,3 Grad (manchinal auch 
um 0,5 bis 1,5 Grad) nach 3 bis 4 stiindigem Aufenthalt in einer 
Atmosphilre, die das Antigen enthielt. Bei den Tieren, bei denen 
schwerere anaphylaktische Symptome mit erscliwertcr Atmung 
auftraten, sanlc dagegen die Temperatur, zuweilen so"-ar bis 
auf 30°. 

Doerr (1929) betont, dass die Anschauungen ilber die Ursacho 
der Temperaturveriinderungen weit auseinandergehen. Er 
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schreibt: »Im allgemeinen lierrscht die Tendenz, Fieber und Tem- 
peratursturz als Prozesse vou ideiitischem, nur dem Grade nach 
verschiedenem Mechanismus, und zwar aJs Reizungen oder Liih- 
raungen der thermoregulatorisclien Centralapparate aufzufassen 
und als Trilger dieser Effekte Substanzeii anzunebmen, welclie 
in kleinen Gaben erregend, in grossen Dosen funlctionshem- 
mend 'v\'irken». 

Ziisammenfassend lasst sich uber die Temperaturveriinde- 
rungen bei mecbaniscber Stcnoseatmung und im anapbjdak- 
tiscben Scbock sagen: Senator und, in gewissen Grade aucb 
Kohler zeigten, dass es bei Versucbstieren niit Bebinderung der 
Atmung zu Veriinderungen der Kbrpertemperatur kommt, und 
zwar so, dass bei Icicbteren Hindemisscn die Temperatur steigt, 
■vziibrend sie bei bocbgradiger Bebindening der Atmung sinkt. 
Pfeiffer wies als erster den Temperatursturz im anapbylak- 
tiscben Scbock nacb; dies uuirde spiiter von Friedberger und 
Mita bestiltigt, die ausserdem fanden, dass es nur nach grossen 
Antigendosen zu dem Temperatursturz kommt, wiihrend kleine 
Antigenmengen umgekehrt die Temperatur erhbben. Die meisten 
Forscber (Friedberger und Mita, Citron’ und Leschke u. a.) neb- 
men an, dass die Temperatunmrandeningen bei den anapbylak- 
tischen Reaktionen durcb eine Einwirkung auf die temperatur- 
xegulierenden Zentra verursacht werden. Gewisse andere Auto- 
ren dagegen (Loentng, Domagk) halten die Temperaturverilnde- 
rungen fUr sekundiirer Art. 


5. Zusammcnfassendc Literaturubersicbt. 

Der mecbanischen Stenoseatmung, dem anaphylaktiscben 
Scbock und dem Asthma broncbiale ist gemeinsam, dass bei alien 
diesen Zustiinden die Luftpassage von und zu den Lungen, v'enn 
aucb in verschiedener Weise, behindert ist. Dies Atemhinder- 
nis durfte die Ursache der Dyspnoe sein, oder mindestens der 
"Hricbtigste Faktor fur ibre Entstehung. Man darf daber mit Recbt 
erwarten, dass bei alien drei Zustiinden Veriinderungen der 
Lungenventilation von prinzipiell gleicber Art auftreten werden, 
in dem Bestreben des Organismus, die Atembebinderung zu kom- 
3 
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ponsieren, solangc dios noali moglich ist. uiid datnit den adrupia- 
ten Saiicrstoffbcdarf dos Organisinna zn siclicrn. Man darf forncr 
zweifellos envarten.. dass bei alien drei Zusliinden die Lnngen- 
vcntilation iind die Sauerstnrranfnabme i-icb in prinzipieU 
gleichcr Wcisc veriindern werden, wenn die Ateinbehindorung 
so stiirk wird, dass cs dem Organism\Js nichl mbgiieb ist, sic- z\i 
komi)onsioren, nnd es dalior zii oinem hisiiffizienz-Zustand der 
Atmung kommt. 

Angaben liber das Vcrlialtcn dor Lntigenventilatinn im anapliy- 
laktischen Schock liegen ineines Wissons in der Literal ur nicht 
vor. Vergleicbt man die zur Vorfilgung stehenden Angaben iiber 
die Lnngenvcntilation bei mechanischer Slonoseatinung und bei 
Asthma bronchialc, so findet man, <lass bei bcidon Znstands- 
hildern toils von eincr Vergrosserung, toils von einer \'crk!einc- 
rung dor Lungcnventilation bcrichtot wird. Filr die inechanische 
Stenoseatmung wird von mehreren Vcrfasscrn (LirmnT, Ma'ituks) 
angegeben, dass die Lnngenvcntilation bei Iciclitcrcr Stenosie- 
rung erhOht, bei sclnvercrcr herabgcsetzt wird. 

Yergleiciit man die Angaben uber die Satierstoffanfnabme bei 
diesen drei ZusUlnden, so sicht man, dass diese Atnmngsgrbsse 
bei leichter mechanischer Stenoseatmung (Mattui'-s) und bei 
geringgradigen anai)hylaktischcn Sym]>foinen (Lokni.vo) erlibht, 
dagegen bei schwererer mechanischer Stenoseatmung (Mattuks) 
und bei ausgesprochenen anaphylaktischcn Sym]domen (Loknino, 
BUngeleu) herabgcsetzt ist. Bei Asthma broncliiale ist die Sauer- 
stoffaufnahme nach alien Untcr.sucbungen, die in dor Literatur 
vorliegen, erhoht (Grafe, Poleitzer und Stoltz, Galui', Strieck 
und Marble, Boelsen). 

Die Untersuchungen uber den Sauerstoffvcrbrauch bei Asthma 
bronchialc wurden in der Regel l)ei leichteren asthinatischon 
Beschwerden Oder nach dem Abklingen eines schweren Anfalles 
durchgefiihrt. Man muss sich daher fragen, ob niclit der Unter- 
schied im Verhalten des Sauerstoffvcrbrauches, wie er nach den 
Angaben der Literatur zwischen der mechaniseben Stenoseat- 
mung und dem anaphylaktischen Schock oinerseits, dem Asthma 
broncliiale andcrerseits zu konstatieren ist, <larauf boruhen 
kdnnte, dass die Untersuchungen bei den ersteren beiden ZusUin- 
den unter der bestehenden Atmungsbehinderung, beim Asthma 
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broncliiale aber erst einige Zeit nacb einem schweren Anfall 
erfolgten. Fiir die Beurteilung dieser Frage is es •wesentlich. 
festzustellen, wie sich der Sauerstofh’-erbraiich in der Nach- 
periode nach einer mechanischen Stenoseatraung und nach einem 
anapliylaktischen Schock verhalt. 

Was die mechanische Stenoseatmung betrifft, so liegen liier- 
iiber in der Literatur keine Angaben vor.^ Nach einem ana- 
phylaktischen Schock steigt der Sauerstoffverbrauch, nach den 
Untersuchungen von Loening, wieder zu normalen Werten an. 
Fine Erholumg der Sanerstoffaufnahme iiber die Normalwerte 
ist in Loenings Versuchen nicht zxi konstatieren. Es ist aber 
nicht moglich, sicli aus Loenings Versuchen eine sichere Vorstel- 
lung von dem Sauerstoffverbrauch in der Nachperiode nach 
einem anapliylaktischen Schock zu bilden, da dieser Autor nur 
einen Wert fiir eine 2-Stunden-Periode angibt. In dieser Zeit 
konnen nattirlich erhebliche Veranderungen in der Sauerstoff- 
aufnahme erfolgt sein. Man darf aber mit Recht vermuten, dass 
die Sauerstoffaufnahme in der Nachperiode nach einer schweren 
mechanischen Stenoseatmung wie nach einem ausgesprochenen 
anaphylaktischen Symptomenkomplex mit herabgesetztem Sauer- 
stoffverbrauch iiber die Normalwerte hinaus erhoht ist. Nach 
Untersuchungen von IMoore und Binger sinkt wilhrend der mecha- 
nischen Stenoseatmung die Sauerstoffsattigung des arteriellen 
Blutes um 50 % . Im anaphylaktischen Schock nimmt, nach Me. 
Cullogh und O’Neill, der Milchsaure-Gehalt des Blutes zu, das 
Ph des Blutes kann, nach Hirscii und Williams, um mehrere Ein- 
heiten in der ersten Dezimale sinken. Gleichzeitig vermindert 
sich die Alkalireservm. All dies spricht dafiir. dass wahrend 
schwerer mechanischer Stenoseatmung und im schAveren ana- 
phylaktischen Schock eine Sauerstoffschuld entsteht. Man hat 
daher alle Veranlassung, in der Nachperiode nach diesen Arten 
Amn Stenoseatmung eine iiber die Norm hinausgehende Steige- 
riing der Sauerstoffaufnahme zu erwarten. Gemiiss dieser Be- 
trachtungsweise und unter der Voraussetzung, dass auch fiir das 
Asthma broncliiale entsprechende Bedingungen gelten konnten, 
wiire es durchaus moglich, dass die Steigerung des Sauerstoff- 
A’-erbrauches, die man bei Asthma broncliiale beobachtet hat, auf 
der Durchfiihrung der Bestimmungen gerade in dieser Nach- 
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pcriode beruhcn, in dor die vorher .'mfjrchiiuffo Sanerstoffscludd 
7 Airackcrstatt.ct wird. FUr die Borcchl.iptnit: diesor Auffnssnng 
sprechon gewissc Angahen in der Literatur die .^ciion friihcr cr- 
wahnt. wurden. Uiiter diesen inuclit« ich vor allem noch eininal 
auf zwei Bcobaclilungcn liinweisen. PoLi.rr/.Ku nnd STm-TZ be- 
ricbten. von einem Paticnton, der lici der Aufnalinie in das Kran- 
kenhans cinen nonnalcn Sauersloffvcrltrancli butte, Kaclits 
bekam der Krankc einen Asthina-Anfall von 2-sl(indig(!r Daucr. 
Am folgendcn Morgen war die Sanerstoffanfiiahine nm 6.) % 
erhoht. Es liegl nabe, anznneluncn, dass in diesein Fall die ver- 
mebrte Sauerstoffavifnabmc auf der Riickerstattnng oiner Saucr- 
stoffscbuld berubtc. Unter den Astbma-Paticntcn. die Roelskn 
untersucbte, gab es nur cinen, der 7,nr Zeit dor I'ntcrsncbung 
eino dcutlicbc astbmatiscbe Atinung liattc. Dieser Kranke batte 
damals eine Saucrstoffaufnabmc von 2 %. Bci e.incr spateren 
Untersuobung war die SauerstoffaufnabTno dieses Patienten gros- 
ser. Dass die Sauerstoffaufnabme bei Astbma broncbiale ge- 
stort ist, wurde von Meakiks (1021) nacbgcwiesen. Dieser zcigto, 
dass bei erscbwevtor Atmnng die arlcriclle Sanorsh)ffsiittignng 
um etwa 10 % berabgesetzt ist. Unter der Einatmung von Sauer- 
stoff wurden diese Werte wieder norm;d. 

Temperaturveriindevungen, die in einem niiboren ursilcblichen 
Zusammenbang 7ai den vcrschiedenen Zustanden mit Atrnungs- 
behinderung standen, wurden fur die mccbaniscbe Stenoseat- 
mung und. fiir den anapbylaktiscben Scbock bescbriebon. Bci 
Asthma broncbiale wurde, meines Wissens, iiber koine dcrartigen 
Temperaturveranderungon berichtcl. Dagegen gibt os mebrerc 
Angaben in der Literatur iiber den giinstigen Einfiuss des 
Fiebers, sei es eines spontanen, sei es cines kiinstlicb bereor- 
gerufenen, auf den Verlauf beim Asthma broncbiale (z. B. Bezak- 
§0N und Jagqueun, 1931). 

Bei mechaniscber Stenoseatmung (Senatok, Kohleu) wie auch 
im anaphylaktischen Scbock (PPEin'Eu, FmEonEUGEu und liliTA 
u. a.) wurden Temperatursteigerungon und Temperaturscnkungcn 
beobachtet. Sexatou fand bei leicbtcren Symptomen eine Tern- 
peratursteigerung und nabm an, dass diese die Folge der ver- 
grosserten Atmungs- und Herzarbcit ware. Bei scbwererer 
Stenoseatmung, die vom Organismus nicht kompensiert werden 
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konnte, fand Senator iimgekehrt eine erhebliche Herabsetzung 
der Kdrpertemperatuv. Er nahm an, dass diese toils auf einer 
erholiten Warmeabgabe, toils anf einer Herabsetzung der oxyda- 
tiven Prozesse in den Zellen beruhte. Die Temperaturverande- 
rungen, die man im nna])hylaktischen Schock beobachtete, bielt 
man im allgemeinen fiir die Folge von Einwirkungen auf die 
temperaturregulierenden Zentren (Friedberger und Mita, Citron 
und Leschke. HasiumotoI. Hierbei sollten Id eine Antigendosen, 
die die Temperatur erhbhcn, die betreffenden Zentra reizen, wah- 
rend grossere Antigenmengen, die die Temperatur herabsetzen, 
sie lahmen vdirden. 

Nach den Angaben der Literatur wiirden also die Temperatur- 
veranderungen bei der mechanischen Stenoseatmung einerseits, 
im anaphylaktischen Schock andererseits auf ganz verschiedenen 
Ursachen beruhen. 

Es erscheint mir aber wenig wahrscheinlich, dass die Tem- 
peraturveranderungen bei einem so komplizierten Symptomen- 
komplex, wie es der anai)hylaktische Schock ist, so einheitlich 
bedingt waren. wie man im allgemeinen annimmt. In den oben 
erwiihnten Versuchen von Senator und Kohler wurde mit aller 
wiinschenswerten Deutlichkeit gezeigt, dass man bei mecha- 
nischer Beliinderung der Atmung eine Temperatursteigerung 
erluilt, wenn das Hindernis leicht ist, eine Temperatursenkung 
dagegen, wenn die Beliinderung stark ist. Eines der typischsten 
Symptome des anaphylaktischen Schockes ist gerade die Er- 
schwerung der Atmung, vor allem beim Meerschweinchen, aber 
mehr oder minder deutlich auch bei anderen Tierarten. Die 
moisten Forscher aber, die sich fiir die Temperaturveranderung- 
en bei der Anaphylaxie interessierten, studierten diese wie einen 
isolierten Vorgang. Sie beriicksichtigten, meiner Meinung nach, 
nicht geniigend die Einwirkungen auf die Temperatur, die andere 
anaphylaktische Symptome notwendigerweise mit sich bringen 
mussten, obgleich doch deutlich betont wurde, dass man bei einer 
leichten Erhohung der Antigendosen, die einen Temperatursturz 
auslosen, in den Bereich der letalen Dosen kommt. Dass aber 
beim Meerschweinchen die unmittelbare Todesursache im Schock 
in einer Erstickung durch hochgradige Einengung des Bronchial- 
lumens besteht, dartiber sind sich fast alle Forscher einig. Es 
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gibt allerdings einigc Autorcn, die die Tcmp(!ralt!rv(3rilndftrungen 
als sckundiircs Phlinoincn Itelrachlcn. Sn h:lU Ijet.s'iNO. de?scn 
Uiilersuclunigcn obeii erwiUint warden, den leniperatiirstiirz. 
fiir die Folgc dcr priiniircn IIcral)s(;t7,ung dor oxydativen Pro- 
zesHO im Organisnius, die ilirorsoibs diircli die spc7.ifi?clien ana- 
phylaktischen Veriindcrungen ansgeUi.st wtirdon. Dohao.k (l92o) 
nabm an, dass histologische VcrUndcrungen in don Lnngen, vor 
allem an den Kapillaren in den AIvcolar.septen, die teihveisc fiir 
Bint nndurchgiingig wiirden, die primiire lJrt;ache fiir die Hcnib- 
setzung der oxydativen Prozesse nnd die TeinporatiirHcnknng 
ware, wie sie von anderen Forsclicrn naciigowie.sen warden. 

DoKiiu (1029) betont, dass man aaf gowisse Sciiwiorigkcitcn 
stosst, wenn man die obere Konstanzgrcnze allein d\irch die 
Tlieorie erklaren will, dass kleino Antigendoson reizend, grossc 
klhmend aaf die temperatarregalierenden Zt'ntron wirken. An 
der oberen Konslanzgrenze miissten .sicb rcizendo and Ijihmende 
Effekte gegonscilig aafheben. W’^enn aacii diese Erkliirang timo* 
retisch mOglich wilrc, kann man, ineiner Mcinang nach, da.^ Ver- 
halten der Temperatar an der oberen Konslanzgrenze woil leicb- 
ter so erklaren: Bci den fraglichcn Antigendoson wird die AP 
mang gerade so weit bebindert, das.'s die Sanerstoffaafnahme 
ungenagend ist. Dieser Vorgang senkt die Temperatar and wirkt 
der vorher bestehenden Temperatarsteigerang entgogen, die 
ihrerseits teilweise darch lleizang dor temperatarregalierenden 
Zentren aasgelost sein konnte. 


6. Fragcslcllnng. 

Um za einer einhoitlicheren Aaffassang iiber die Sauerstoff- 
aafnahme and das Verhalten der Kbrperlcmperatar liei den A'er- 
schiedenen Formen der Stenosatmang za gelangen. kann man 
meines Erachtens aaf Grand der Aasfahrangcn in Abschnitt o 
die folgende Arbeitshypothese aafstellen: Das anterschiedliche 
Verhalten der Saaerstoffaafnahme, das nach den Angabon der 
Literatar bei schwerer mechanischer Stenoseatmang imd im aaa^ 
phyjaktischen Schock einerseits, bei schwerom Asthma bron- 
chiale andererseits festzastellen ist, hat seinen Grand darin, dass 
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bei den beiden erstgenannten Zustiinden die Bestimmungen des 
Gaswechsels iinter der noch bestehenden Atmungsbehinderung, 
beim Asthma bronchiale aber erst dann ausgefiilirt wurden, wenn 
die Atmungsbesclnverden schon zum grossten Teil abgeklungen 
waren, also in einer Periode, in der die Riickerstattung der vor- 
her eingegangenen Sauerstoffscbuld erfolgte. Teilweise wurde 
auch der Sauerstoffverbrauch mit nur einem einzigen Wert 
wahrcnd einer so langen Zeitperiode bestimmt. dass wahrend- 
dessen grbssere Variationen dieses Wertes mbglich waren, die 
sicli der Beobaclitung entzieben konnten. Man hat ferner gute 
Griinde, als Arbeitshypothese aufzustellen, dass die Temperatur- 
verandernngen bei dor meclianiscben Stenoseatmung und im ana- 
phylaktischen Schock zum Teil auf die gleiche Art und Weise 
ausgeldst werden. namlich insoweit, als die Temperatursteige- 
rung, die bei leichteren Symptomen zu beobachten ist, u. a. auf 
der erbohten Atmungs- und Herzarbeit beruht, wahrend die Tem- 
peratursenkung bei don sclnvereren S\Tnptomenbildern vor allem 
eine Folge des Sauerstoffmangels ist. Hierbei ist aber zu betonen, 
dass die Temperaturveranderungen im anaphylaktischen Scliock 
siclier von weit komplizierterer Natur sind, als die bei der 
mechanisclien Stenoseatmung; denn beim Schock wird bekannt- 
lich artfremdes Eiweiss in den Grganismus eingefuhrt und lost 
in ihm seine verscbiedenen Wirkungen, u. a. aucli die auf die 
Temperatur, aus. 

Um im einzclnen festzustellen, imvieweit die Gedankengitnge 
der oben dargestellten Arbeitshypothesen bereclitigt sind, er- 
schien es ricbtig eine Art von Stenoseatmung so genau wie mog- 
lich zu untersuchen. In der bier vorgelegten Arbeit wurden mit 
mdglichst einwandfreier Methode die Lungenventilation, die 
Sauerstoffaufnahme und das Verhalten der Kdrpertemperatur 
bei einer experimentell ausgelbsten Stenoseatmung untersucht. 
Um die Verhaltnisse ricbtig beurteilen zu kdnnen, ist es vor 
allem notwendig, die Beobachtungen auf die Zeit vor, wahrend 
und nach der Stenoseatmung auszudebnen. Ferner musste die 
Sauerstofaufnahme in der Vorperiode, wahrend der Stenoseat- 
mung und in der Nachperiode kontinuierlich bestimmt werden. 
Dies geschah in friiheren Versuchen nicht. Aber nur so kdnnen 
die Verdnderungen in der Sauerstoffaufname, die unter der 
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Stcnot^oalnniiifr :uif(rc(('n. niilu’r niialysiort wcrdon. I'iir die 
BcsUinmuii}; dov (Jnisse dor Lmijronvontilafion war inir oine 
kontiimicrUcho Ko^ii^trioruntJ: nicid mdirlioli. Slaltdo^Hon wur- 
den joAvcils nu'Iu(!r(' Bostinnminjron vor, wiiliroaul and nacli dor 
Btonosoalmun”- ansjroi'iiiiri. Wollto man die TomitoruUirsohwan- 
knnjrcm wiiluanid dor Stonosoatmuiifr uiitc'r l>o.'j(ind(!ror Roriick- 
sichtigun*i; dor Roziolnni^ou dios(*r ^r(.‘nii)<;ra(,nvvariatinnon zu dor 
(jrdsso dor Kanorstoffanfuahme vtntorsucUon. sn war o:^ oUonfaUs 
notwondifji:, die 'romiioratur kontinuiorlioli zn rcJiriHlrioron, olme 
hierdnrch das Vtn'suclislier zu l)Cunrnhifion. I m die M'liwan- 
kungen dor Kurportompo.ratnr riciilig iumrtoilon zu kiuuuai, 
mussto aussordom die Hauttom))eratur In'stimmt worden: donn 
nur auf diese Weiso kann man sick oino rielitigo Vorstcllung von 
dor \Vtlrmoakgal )0 macl\cn. Soweit mir kckanul, warden de.r- 
artige Messungon l)ci dor Stonoseatmung i)ishor niclU durebge- 
fiihrt. Die oinzige luerfiir adiujuatc Mothddo is( das thernm- 
elektvisohc Vorfakren. In alien frUlroron Untorsiiekungen \lker 
das Vcrkalten dor Tcinperalur kei dor Stonoscatmung Avurde die 
Rektaltemperatur gemessen, indcin zn vor.sc))i(;donon Zoiton ein 
Tlvermometer in das Rectum der Yersnekslioro oingefvdirt- wurdo. 
Hierdurch mussten diese a])cr irritiert- Averden, vor allom Avidi* 
rend der Stenoseatmung, Sckliesslicii Avar os fiir diese Rntcr- 
suckungen notwendig, die Stenoseatmung auf eine fiii das Ver- 
suchstier mdglickst sekonende Art zu bcAvirkcn. In den frii- 
heren Untersuckungen iiber die Stenoseatmung im aiiapkylak- 
tischen Zustand wuvde dieser stets durck Injektion ausgelost. 
Es lasst sick aber nur sekr sekwer beurteilen, inAvieweit die ^'er- 
suckstiere durck diesen Eingriff irritiert werden. So iietonon 


beispielsweise Ffuiedbeuger und Mita (1911), dass die Fesselung 
der Tiere, die nack diesen Antoren fiir eine quantitatiA'C Injek- 
tion beim Meerschweinclien notig ist, eine Teniperatursenkung 
von mehr als 1 Grad bewirkt. Da es aber fiir diese Autoren 
allein auf den Vergleick der Wirkung versekioden starker Anti- 
gendosen ankam, massen sie diesem Verkalten keine grdssere 
Bedeutung zu. Urn u. a. diese SckA\derigkeiten zu vermeiden, 
die Injektionen mit sick bvingen kdnnen, untcrsuckte ick die 
Tiere im experimentellen Asthma, wobei die Atembekindernng 
durck Inhalation ausgelost Avurde. Auf diese Weise wird eine 
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Stenoseatmung bewirkt, ohne class das Yersiichstier von aiissen 
her irgendwie irritiert wird. Dieses sitzt. wiilirend der ganzen 
Yersuchsdaner ndiig im Rcsi)ivationsai)i)arat. Dass Meer- 
schweinchen fiir diese Yersuche gewiildt warden, liat seinen Grand 
teils darin, dass sich bei diesen Yersuchsticren anaphylaktische 
Reaktionen am leiciitesten ausldsen lassen, teils darin, dass sie 
fiir Untersucliangen der Sauerstoffaufnahme l)esonders geeig- 
net sind, da ihr Sauerstoffverbrancli sehr gleichmassig ist. 

In der vorliegendcu Arbeit wircl fcrner iiber Yersuche be- 
richtet, in denen die Gewebsatmung von Meerschweinchen stu- 
diert Avurde. Diese Yersuehsticre Avurden Aviihrend des experi- 
mentellen Asthmas, das anf Amrschiedcnc Weise ansgelost 
AA'urde, getbtet Oder starben in diesem Zustand. Das Ziel dieser 
Yersuche AV’ar, aufzukliiren, ob die im anaphylaktischen Schock 
nachgCAviesene Herabsetzung der Gewmbsatmung (Abderhalden 
und Wertheimer, Bokgeler), die eine so grosse Rolle fur die 
Deutung der Yeranderungen in der Sauerstoffaufnahme AvUh- 
rend des Schockes spielt, fiir diesen Zustand spezifisch ist, Oder 
auch bei anderen Formen Amn Stenoseatmung vorkommt. Hier- 
durch sollte versucht Averden, Avenn moglich, eine grSssere 
Klarheit uber die Ursachen fiir die Herabsetzung der oxydativen 
Prozesse in den GcAveben zu geAvinnen. 

Obgleich ich mir wohl bewusst bin, Avelch intime Beziehung 
zwischen Atmung und Kreislauf besteht, sehe ich in dieser 
Arbeit davon ab, naher auf die Kreislaufsprobleme einzugehen, 
und stelle dies fiir eine spiitere Arbeit zuriick. Ich glaube hierzu 
berechtigt zu sein, da sich aus den Yersuchen, die hier bespro- 
chen Averden sollen, sichere Schliisse ziehen lassen, ohne auf die 
Reaktionen des Kreislaufes niiher einzugehen. Die Yerande- 
rungen der Sauerstoffaufnahme bei schAverem experimentellen 
Asthma, die im folgenden ausfiihrlich besprochen. Averden sol- 
len, konnen nicht dadurch erklart werden, dass sie eine Folge 
von primaren Funktionsstorungen im Kreislaufsapparat Avaren. 

Zusammenfassend ist zu sagen: Ziel dieser Arheit war es, zu 
einer einheitlicheren Auffassung iiber das Verhalten des Gas- 
wechsels und der Lungenventilation wdhrend der Stenoseat- 
mung zu gelangen. Zu diesem Z,weck mussten der Gasaustausch 
und die Lungenventilation vor, wdhrend und nach einer Art von 
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Steiwseatvunuj mit niof/licli.si (unvmidfreirn Mcfliodcii shidleri 
werden. Filr dtese V ntarsnchunn schien das cxperimantrlle 
Asthma dcs Mcerschwcinchcns am t/rch/iK’sicri zu sc,in. Ff’iticr 
war der Gewebsstoffwcchscl hei d.icser Form drr Stcnoscaimunfi 
zu untersuchen, vm aufzu/durctt, ob sic/i dir oxydatircn Fro- 
zesse in den Geweben hierbci ebcnso veriindcrten, trie mir.h 
dlteren Erfahrungen im anaphylaktischcn Schock. 

Derartige Untersuchungen iibcr die Luiigenvontilation, den 
Gaswechsel und die oxydativen Prozefj.se in <len Gewolani wiir- 
den bei cxperimentellein Asllnna bisber niclit durcligefiihrl. 
Bevor meine eigenen Vcr.suche in dicser Riehfnng l)eselirieben 
werden, soil eine knrze Obersicht iiber die wichtigston I'nter- 
suchungen gegeben werden, die znr Fragc dcs expcrimentellen 
Asthmas in der Literatur vorlicgen. 
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Exiieriinciitcllcs Astliina. 

Untei' experimentellem Asthma wird in dieser Arbeit ein Zu- 
stand erscliwerter Atmung verstanden, dcr durch Inlialation 
ausgelost wird imd vor allem durch eine exspiratorische Dyspnoe 
charalcterisiert ist. Dieser Zustaiid kann anaphylaktisch Oder 
auch nicht anaphylaktisch bedingt sein. 

Busson (1911) zcigte als erster, dass man Meerschweinchen 
gegen eine bestimmte/Art Eiweiss (Rinderserum) dadurch sen- 
sibilisieren kann, dass man das betreffende Eiweiss in Form eines 
feinen Nebels, der durch Spraybildung entsteht, einatmen lasst. 
AVurde einige AA'^ochen spater das Antigen injiziert, so zeigten die 
Versuclistiere alle cliarakteristischen Zeiclien der Anapliylaxie 
(gestraubte Haare, Zittern, Seitenlage, Dyspnoe, Schuttelfrost, 
Abgang von Stuhl und Urin). Dagegen zeigte sich, dass es erheb- 
lich schwieriger war, an sensibilisierten Versuchstieren durch 
Einatmung des betreffenden Antigens in Form eines feinen Ne- 
bels anaphylaktische Symptome auszulosen. Einer Reihe von 
Verfassern gelang es nicht, auf diese AVeise anaphylaktische 
Symptome zu erzeugen. 

Busson und Ogata (1924) kamen zu dem Ergebnis, dass sen- 
sibilisierte Meerschweinchen liilufig und wahrend langerer Zeit 
dem Neb el exponiert werden mussten, wenn man durch Inhala- 
tion anaphylaktische Symptome hervorrufen wollte. 

Storm van Leeuwen, Bien und A'^arekamp (1924) erzeugten an 
Meerschweinchen Dyspnoe, Jucken und Niesen dadurch, dass sie 
die Tiere wiederholt einige Zeit in einem ICafig mit milbenhal- 
tigem Korn hielten. Die Sj’mptome, die dabei aiiftraten, waren 
denen beim menschlichen Asthma bronchiale und bei der Rhinitis 
vasomotorica ahnlich. Dagegen gelang es nicht, auf die gewbhn- 
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Hche Art und Wcise durch dio. !sc;nsiI)ilisiorr;nd(! intravcnitso In- 
jektion und dio nachfol<^cvKlo. Scliockdosis oino.s kxtrnktos von 
milbenhaltigcm Korn nnjiiiliylaktisclio Syni]itoTno nnsznlbson. 
Es war den Verfassorn aneh nicht mdfrlioh. an Meerv^cliweinclicn. 
denon vorher Pollenextrakt odor i’fordciscnun injiziort wordon 
Avar, dnrch Inhalation des hotroffendon Antifrons anaphylaktisclio 
Symptoriie xu erzeni^cn. 

ALEXAnoEU, Becke niul Hoemks (ll)2(>) fandon. dass man hoi 
MeerschAA'oinchen in dcr Molir/alil dor Fallo (25 von dl ! dnrch 
Inhalation des Antigens dann anapliylaktischo .'^ymiilonn? ans- 
losen konnte, Avenn die Vorsnchsliero kriiftig sonsjhilisiort Avanni 
und ein starkes Antigen, z. B. IIuhnoreiAAaMss, angoAVondot Avurdo. 
Dass trotzdem dcr i^ositivo Effckt nicht lOh ”j-ig Avar, koinite 
man, nach dor Ansiclit diosor Auloron, dadnrch orkliiren. dass 
der grosstc Teil des Antigens in den Oesophagus und Magen, und 
nur ein geringer Toil in die Lungen kanu Dies konnte durch 
Inhalation ciner Methylenhlaulosung nachgcwie.sen Avorden. Diese 
Autoren sind der Mcinung, dass dio durch Inhalation orzouglen 
anaphylaktischcn Symptomo nicht mehr an Asthma erinnern, als 
die, die man hei Zufuhr des Antigens auf irgend cine andere 
Weise herAmrrufen kann. Dale-Priiparate von Ti('ren, die hei tier 
Inhalation anaphylaktischo Symi)tome hckainen, reagierten 
negativ. 

Manteufel und Preuker (11)33) untersuehten die Wirkung dcr 
Inhalation einer Losung A'on HiihnereiAveiss an MeerscliAvcinchon, 
die gegen dieses Antigen sensihilisiert Avaren. Dio Yerfasscr 
bestiitigten die Resultate, zu denen Bosson und Ooata. soAvie 
Ai.exander, Becke und Holmes gokommen Avaren. Die Verfasser 
betonen, dass die Teilchengrdsse hei der Inhalation kleiner als 
5 fj. sein muss, Avenn die Tropfehen die feinsten Yerilstelungen 
des Bronchialhaumes und dio Alveolen erroichen sollen. Die 
Autoren konnten ferner die Avichtige Tatsachc feststellen. dass 
die Meerschweinchen hei dieser Form der Anaphylaxie nach dem 
Anfall nicht anti-anaphylaktisch werden. Dies ist ein udehtiger 
Unterschied gegenuber dem klassischen anaphylaktischcn SchoW. 
Eine andere Differenz zeigte sich darin, dass die Symptome. dio 
hei der Inhalations-Anaphylaxie im Yordergrund stehen, Atem- 
not und ausgesprochene exspiratorische Dyspnoe sind, Aviihrend 
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im klassischen Anapliylaxie-Versuch allgemeine klonische 
Krampfe das dominierende Symptom darstellen. In dieser Hin- 
sicht aline.lt, nach Manteufel und Preuner, das experimentelle 
Asthma mehr dem Asthma bronchiale, als dem klassischen ana- 
phylaktischen Schock. Ein Vorteil der Inhalationsmethode ist, 
dass sie es leicht moglicb macht, die Starke der anaphylak- 
tischen Symptome zu variieren. 

Wie Kallos und Pagel (1937) zeigten, erhalt man nach der 
Inhalation von Histamin und Acetylcholin das gleiche Symp- 
tomenbild (expiratorische D3'-spnoe, trockenen Husten und eine 
eigentiimliche Korperhaltung, die dadurch gekennzeichnet ist, 
dass die Tiere auf den Hinterbeinen sitzen und den Kopf auf- 
recht und riickwartsgeneigt halten), wie es nach der Inhalation 
von Eiweiss an Tieren auftritt, die vorher gegen dieses Antigen 
sensibilisiert waren. Der trockene Husten lost sich gegen Ende 
des Anfalles und die Tiere expectorieren Schleim. Dieser ist 
nach der Inhalation von Histamin und Acetylcholin zellarm, 
nach der Inhalation von Eiweiss (bei vorher sensibilisierten 
Tieren) dagegen enthalt er reichlich eosinophile Leukocyten. 
Auch Kallos und Pagel fanden nach diesen Anfiillen keine Anti- 
Anaphylaxie. Der Dale-Versuch war nach diesen Autoren im An- 
schluss ah den Anfall positiv. Dies stimmt nicht mit den Befunden 
von Alexander, Becke und Holmes uberein. Das Fehlen der Anti- 
Anaphylaxie soil nach Coca u. a. fur die Zustandsbilder der 
Idiosynkrasie beim Menschen charakteristisch sein, im Gegen- 
satz zu dem Verhalten bei experimen teller Anaphjdaxie. Kallos 
und Pagel betonen, dass mit dem Nachweis des Fehlens der 
Anti-Anaphjdaxie beim experimentellen Asthma diese Auffas- 
sung definitiv widerlegt ist. Von grossem Interesse ist der 
Unterschied im histologischen Bild der Lungen, den diese Ver- 
fasser einerseits bei den Versuchstieren nachwiesen, die Hista- 
min o der Acetjdcholin eingeatmet hatten, und andererseits bei 
denen, die nach vorheriger Sensibilisierung das homologe An- 
tigen inhalierten. Wahrend die erstere Gruppe ein uncharak- 
teristisches Bild chronischer Bronchitis zeigt, wobei die Gefass- 
veranderungen dominieren, findet man bei den allergischen 
Tieren eine iiusserst starke Eosinophilie in der Submucosa der 
mittelgrossen und kleinen Bronchien. Die Bronchiallumina sind 
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teihvoise mit Thrombcii gefUUt, die eosinophile Lenkocyten 
enthalten. Kali.os imd Pagkl sind dcr Jleinung, das.s dir; Einai- 
mung des homologen Antigenei? bei sciisihilif>icrUm Mcersclnveiti- 
chen cin Kraiikhcitsbild erzciigt, das kliniscb, patbologisch- 
anatomiseb,- histologiscii iind immmdrirdogiscii mit dem Astbma 
bronchiale dcs ]\Icnschen ident.isch ist. 

Wio Kallos and KaijAs-Dkkfxku (1037) durcli EOnfgeuauf- 
nahmen mit Lipiodol-Kontrast zeigten. entstebt iieiin oxperi- 
mentellen Asthma einc Verengerung der miltolgrossen Broii' 
chien. Die Rontgenbilder zeigten dabei aiisserdem ein iujch- 
gradiges Emphysem. 

Ewert iind KaeiAs (1037) untersuchten das Elektrokardio- 
gramm von Aleersclnvcinciien wahrend cines expcrimentellen 
Asthmas, das durcli Inhalation des homologen Antigenos an 
sensibilisierten Tieren odcr (lurch Einatmung von llistamin 
bezw. Aceylcholin an normalen Tieren aiisgelost wiirde. ^Yilh- 
rend des Asthmas traten, glcichgiiltig wic os hervorgerufen 
wurde, elektrokardiographische Veriinderungen auf. Sie bc- 
ruhten nach der Deutung der Verfasser auf einer AnoxUmie. 
Nach dem Abklingon des Asthmaanfallcs Avurdo das Elcktro- 
kardiogramm Avieder normal. 

Ratner (1939) erzeugte durch Inhalation A'on »dry horse 
dander5> experimentelles Asthma an McerschAvcinchen, die vor- 
her das gleiche Antigen eingeatmet hatten. Die Tiere bekamen 
in der Regel deutliche anaphylaktische Symptome, Avenn sic 
genugend lange sensibilisiert AAmren. Sie zeigten racist keine 
Anti-Anaphylaxie. Der Dale-Yersuch AA-ar in manchen Filllen 
positiv, in anderen negativ. Der Verfasser schliosst hieraus. 
dass in manchen Fallen niir eine lokalo Sensibilisierung der 
Respirationsorgane stattfancl, Avilhrend bei den iibrigen Fallen 
auch andere Organe sensibilisiert AAmrden. 

In einer spiiteren Arbeit untcrsuchten KauAs und KaliAs- 
Deffner (1942) an MeerscliAAminchcn die Wirkung von Forssman- 
Antiserum. Audi mit diesem bekommt man ein Symptomen- 
Bild, das im Grossen und Ganzen den anderen Formcn des expcri- 
mentellen Asthmas gleicht. Es unterscheidet sich von diesen nur 
dadurch, dass die Atmung zwar erscimert ist, aber dcr exspirato- 
rische Typus der Dyspnoe fehlt. Bei der Rbntgennntersuchung 
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der Luagen imter Kontrastfulhmg der Liiftrohre findet man hier 
aiicli keine Verengerimg des Bronchiallumens. Bei sch-wereren 
S 3 'mptomen sterben die Versxichstiere unter asphyktischen 
Kriimpfen. Im histologisclicn Bild dominieren Gefiissverande- 
rungen, vor allem an den Arteriolen. die oft von perivascnlaren 
Bintimgen umgeben sind. Das Felilen der Eosinophilie ist aucli 
fiir das aiif diese "Weise erzeugte experimentelle Asthma cbarak- 
teristiscb. 

Dber die Ursaclien des experimentellcn Asthmas schreiben 
Kallos und Kallos-Deffneh (1942) folgendes: »Die Asthmaan- 
fitlle. die bei Meerschweincben durcli Histamin- bezw. Acetyl- 
cholineinatmung ausgelost werden, sind als rein (oder iiberwie- 
gend) bronchospastisch bedingt anfzufassen. Die Anfalle, die 
nach Einatmung des Forssman-Antiserum bei Meerschweincben 
auftreten, beruhen nach der vorliegenden Untersuchung in der 
Hauptsache auf einer Gefilsschiidigung in der Lunge, zu der 
VerUnderungen des Parenchyms hinzukommen. Die Asthma- 
anfalle schliesslich, welche bei allergischen Meerschweincben 
durch Einatmung des homologen Allergens ausgelost werden 
konnen, lassen eine Beteiligung aller dieser Komponenten er- 
kennen*, 

Zusammenfassend ist zu sagen, dass das experimentelle Asthma 
zwar Gegenstand eingehender pathologisch-anatomischer, histo- 
logischer, serologischer und immunbiologischer Studien war, 
dass aber — abgesehen von der Arbeit von IL\ll6s und Ewert — 
keine eingehenderen pathophysiologischen Untersuchungen hier- 
tiber vorliegen. 



KAP. III. 


Mctlioflik. 

1. Gcsclilosscncs Rcspiraiionssystcm. 

a.) Kontimiierlichc BcgisLrierung ties Sauerstoff verbrauches bei 
normalem oder erhohiem Saiiersfoffgehalt. 

Fiir diese Versuchsanordming wendcte ich im Prinzip die Me- 
thode an, die von Krogii iind Lin’dubrg (1931 and 1932) fiir die 
Bestimmung des respiratorischen Gaswcchsels bei kleinen Ver- 
suclistieren ausgearbeitet wnrde. Gewisse Modifikationen in der 
Apparatur waren notwendig, nm aus der Liisung, die da.s Asthma 
hervorrufen sollte, einen Nebel bilden 7 ai kOnnen. Diese Ver- 
anderungen bestanden in der Einschaltung von zwei Spray- 
Apparaten und einer abgeiinderten Konstruktion der Pumpe. 
Die Abbildungen 1 und 2 zeigen das Aussehen der Api)aratur. 
Abb. 2 gibt ein vergrossertes Detnilbild von Abb. 1. Ich priifte 
verschiedene Typen von Pumpen, von denen sich die in Abb. 1 
verwendete als die Beste erwies. Die Pumpe, die in der Abb. mit 
1 bezeichnet ist, hatte die Nebelspray-Bildung und die Luftzir- 
kulation im System zu bewirken. Wie aus der Abb. lien'Orgeht, 
bestelit die Pumpe aus zwei mit Ventilen versehenen Gummi- 
ballons, von denen jeder ein Volumen von 450 cc hat. Diese Bal- 
lons werden abwechselnd von aussen zusammengepresst. Hier- 
durch entsteht ein diskontinuierlicher Luftstrom, der eine wirk- 
same Nebelbildung mOglich macht. In den meisten Yersuchen 
betrug das angewendete Zirkulationsvolumen 4 Liter pro Minute. 
Die Luft ging zuerst durch den Schlauch 2, dann diirch eine 
spiralenformige Zinnrohre, die sich im Wasserbad 3 befindet, 
und schliesslich zu den Spray- Apparaten 4 und 5. Yon diesen 
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Abb. 1. Geschlossener Respirations-Apparat. 
Erklilrung der Zahlen-Bezeichnungen im Text. 


enthalt der eine destilliertes Wasser — er wird in der Vor- und 
Nachperiode eingeschaltet — der andere die Ldsung, durch die 
das Asthma ausgelost wird, — dieser wird wahrend der Asthma- 
periode eingeschaltet — . Durch einfaches Umsetzen einer 
Schlauchklemme schaltet man von dem einen auf den anderen 
Spray-Apparat um. Dabei entsteht auf der Kurve ein kleiner 
Knick, der auf Abb. 3 deutlich zu erkennen ist. Dieser Knick 
ist durch die Senkung des Druckes im System bedingt, die ent- 
steht, wenn beide Spraj’^-Apparate eingeschaltet sind. Von den 
Spray- Apparaten gelangt die Luft in die Versuchstier-Kammer 6. 
Im Wasserbad gibt es eine weitere Tierkammer 7. Diese wird 
aber nicht wiihrend des Versuches selbst jDenutzt. In ihr sollen 
sich die Versuchstiere an die Versuchsbedingungen gewbhnen. 

4 
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Der Boden dcr Tierkammer ist mit Hojz, ilire Wiinde sind mit 
wiii’meisolierendcm Material verklcidet. Die Einmundungen der 
zu- und abfiUirendeii Leitung:en in der Tierkammer sind mit 
Metallnetzen bedeckt, nm ilire Verslopfung zu verbindern, falls 
sicli das Versucbstier gegen sie driickcn 'n-iirdc. Von der Tior- 
kaminer geht die Luft durch den Schlaiich 8. An dicsem befindct 
sicli, durcli einen Gummisciilauch eingcschaltet, ein Zwoi-Wege- 
Halin 9, der es rniiglich macht, wlihrend des Vcrsuches dem Ap- 
parat Luftproben zu cntnelimcn. Der Sclilauch 8 ist an einen 
Wasserkiihler 10 angeschlossen, urn die ilbersUttigtc Feuclitig- 
keit zu kondensieren. Diese wird aus der Apparatur durch ein 
wassergefiilltes U-Rolir 11 entfernt. Durch den Wasscrabschluss 
in diesem ist der Apparat gegen die Aussenluft gesclilossen. 
Nach der Abkiihlung wird die Luft durcli den Sclilauch 12 in die 
Kohlensaure-Absorptions-Flasclie 13 gcleitet. die Natronkalk 
entliHlt. Von hier gelangt sie schliesslich durch don Schlaucli 14 
zuriick zur Pumpe. Zwisclien den Schh'iuchcn 12 und 14 besteht 
ausserdera eine direkte Verbinduiig durch Sclilauch 15, wodurch 
die Kohlensilure-Absorptions-Flasche umgangen werden kann. 
Diese Verbindung ist bei der Bestimniung des Saiierstoffver- 
brauches des Versuclistieres durch eine Schlauchklemme ver- 
schlossen. Durch den Sclilauch IG s(eht das Spirometer 17 mit 
der Tierkammer in A^erbindung. Das Siiirometer kann ontweder 
mit Sauerstoff aus der Saucrstoffbombe 18, oder mit Luft aus 
der Glasflasche 19 gefiillt werden, in der die Luft iibcr AVasser 
von Zimmertemperatur steht. Die Bcwegungen der Spiromoter- 
Glocke warden auf dem Kymographion 20 registriert. Die Tern- 
peratur im AA’'asserbad 3 vmrdc durch eine Thcrmo-Relais-An- 
lage, deren Kontaktthermometer 21 und Tauchsieder 22 auf der 
Abbildung zu sehen ist, auf 0,i° genau konstant gehalten. Durch 
den Propeller 23 v'ird das AVasser im AVasserbad umgeriihrt. Das 
Dach des Tierkastens, in das ein Glasfenster eingesetzt isL hat 
eine umgebogene Kante, die unter den AA^asserspiegcl reicht. 
Hierduch wird das System luftdicht gesclilossen, nachdem das 
Tier hineingesetzt wurde. Durch Rohren im Deckel gehcn die 
Leitungen 24 zu den Thermoelementen, durch die die Rectal- und 
Hauttemperatur des A^'ersuchstieres gemcssen werden. Die eine 
Lotstellc des Thernioelementes befindct sicli auf dem A'ersuchs- 
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Abb. 2. Detailbild von Abb. 1. 


tier, die andere in einer Tiiermosflasche 25, deren Temperatur anf 
dem Normalthermometer 26 abgelesen wird. Die verschiedenen 
Thermoelemente konnen der Reihe nacli durcli den Urasclialt- 
schliissel 27 nnd den Leitungsdraht 28 mit dem Galvanometer in 
Verbindung gesetzt werden. Der Gesamtrauminhalt des Systems 
war ca. 3000 cc, Dieser verminderte sick um das Volumen des 
Versuchstieres, nachdem dieses hineingesetzt worden war. Die 
ganze Apparatur war in einem Tliermostat-Raum aiifgestellt, in 
dem die Temperatur konstant anf 21 Grad gehalten wurde. 

Die Temperatur des Wasserbades wurde auf 30 Grad gehalten, 
da Khogii und Lindberg (1931) zeigten, dass bei holierer Tem- 
peratur, bis zu einer gewissen Grenze, die Unterscliiede zwisclien 
den verschiedenen Bestimmungen des Sauerstoffverbrauches am 
gleichen Versuchstier geringer sind. Diese Autoren stellten auch 
fest, dass eine Temperatur von 30° im Wasserbad fiir der- 
artige Versuch am geeignetsten ist. Der Sauerstoffverbrauch der 
Versuchstiere ist bei dieser Temperatur niedriger als bei Zim- 
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mertemperatur. Dies beruht aiif clem Fclilen des loichtcn Miiskel- 
tremors, den die Tierc bci nicdrigerer Temperalur lialten. Wcnn 
die Temperatur des Wasserbades 30 Grad, ist, ist die Lufi- 
temperatur in der Tierkammer 1 ins 2 Grad hdlier, aiier iiei 
gleicbmiissiger Zirkulationsgcschwindigkeit. im System konstant. 

Die Liift im System wird bald nacli Beginn des Ycrsuclies 
durch die Spray-Apparate wie dnrch die Ausatmnng des Yer- 
suchstieres init Feiichtiglceit ges-ittigt. Hf.mmikgsek (]0:kl) zeigtc, 
dass die Luft in einem Respirations-Apparat iihnlicher Konstruk- 
tion schon durch den Ykasserdamj)f, den das Yersucbstier ausat- 
met, praictisch gcnommen mit Feuchtigkcit gesiittigt wird. 

Die Zirkulationsgesclnvindigkeit der Luft im Sy.‘«tem wurdc 
wiihrend der Yersuche stets konstant .gclialten. Sie betrug meist 
ungefiihr 4 Liter pro iYiiuite. In den Ycrsuchen, in dcnen der 
Sauerstoffverbraucli bcstimmt. wurde, .sclnvanktc das Zirknla- 
tionsvolumen zwischcn 2,r> und 5 Litern i)ro Minute. Der Koliicn- 
siiure-Gehalt im System hielt sick, wie Gasanalysen r.eigtcn, 
unter diesen Bedingungon bei ungefiihr O.m % mit nur gcringcn 
Abweichungen. Diescr Kohlensiluro-Gehalt i.*?! naeli Ivuooii 
(1916, Seite 36) fiir die Tiere irrelevant. 

Die Spray-Apparate waren gan/, aus Glas (Fal)rikut Weil). 
Diejenigeu sind am besten, dercn Kapillaren cinen moglichst 
kleinen inneren Durchmesser ha ben. Atis einer Anzahl von 
Spray-Apparaten warden zwei ausgewahlt, deren Kapillaren 
genau gleich waren. Um dies beurteiJen zu konncn, wurde an 
den verschiedenen Spray-Apparaten die Geschwindigkeit eines 
Luftvolumens bestimrat, das unter einem bestimmton konstanten 
Druck liindurchgetrieben wurde. Die FKissigkeitsmenge, die bei 
der gewbhnlichen Durchstrbmungsgeschwindigkeit der Luft im 
System in einer Stunde verbraucht wurde, betrug ungefiilir 1 cc. 
Ich hielt es nicht fiir notig, die Tropfengrosse in dem gebildeten 
Nebel zu bestimnien, da die angewandten Spray-Apparate ein 
ausgezeiclinetes Asthma liervorriefen. 

Obgleich der Druck in den Gummiballons und in den Leitungen 
zu den Spray-Apparaten recht erheblich war, hatte ich keine 
grdsseren Schwierigkeiten, den Apparat dichtzu halten. Es ist dies 
allerdings nur moglich, wenn der Gang der Yentile unter Benut- 
zung eines ziemlich festen Kranfettes gut geschmiert ist. Ich wen- 
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dete ein Kranfett von folgender Zusammensetzung an, wie es auch 
fill- Gasanalysen-Apparate benutzt wird: 9 gr. Rohgummi, 8 gr. 
Paraffin und 32 gr. Vaseline. Der Rohgummi wurde fein zer- 
schnitten und die Mischung auf dem Wasserbad vorsichtig er- 
wiirmt, bis sich eine homogene Losiing gebildet hatte. Nach Been- 
digung eines Versuclies wurde die Apparatur stets auf Dichte 
gepriift, indem das System ohne Versuchstier in Gang gesetzt 
wurde. Die Spirometer-Glocke soil in diesem Fall auf dem Ky- 
mographion eine gerade Linie schreiben. Haufig wurde die 
Kontrolle dadurch verschiirft, dass im System Ober- oder Unter- 
druck hervorgerufen wurde, ersterer durch Belastung der Spiro- 
meterglocke, letzterer durch Erhbhung des Gegengewichtes. Es 
dauert etwa 20 Jlinuten nach dem Ingangsetzen des Apparates, 
bis die Linie gerade wird, auch wenn die Apparatur dicht ist. 
Dies hat seinen Grund darin, dass eine gewisse Zeit vergeht, 
bis die Temperatur- und Feuchtigkeitsverhaltnisse im System 
konstant werden. Dies Verhalten wird durch die Kurve in Abbil- 
dung 1 verdeutlicht, auf der die von dem Spirometer registrierte 
Linie in der ersten Zeit, nachdem die Apparatur in Gang gesetzt 
wurde, bogcnformig ansteigt. Wenn aber im Verlaufe eines Ver- 
suches eine kiirzere Unterbrechung von einigen Minuten Dauer 
stattfindet, werden die Verhiiltnisse fast sofort konstant. Dies 
kann wahrscheinlich dadurch erklart werden, dass in diesem Fall 
die Temperatur viel racher konstant wird, da die verschiedenen 
Teile der Apparatur wahrend dieser kurzen Zeit ihre Temperatur 
nicht wesentlich verandern. Die neue Luft, die jetzt eventuell 
dem System zugefiihrt wurde, nimmt sehr rasch die Umgebungs- 
temperatur an. 

Wenn sich ein Versuchstier im Apparat befindet und dieser 
dicht ist, so registriert das Spirometer, nach Eintreten von Tem- 
peratur- und Feuchtigkeits-Konstanz, eine gerade abfallende 
Linie, falls der Sauerstoffverbrauch des Tieres konstant ist und 
sich ausserdem der Kohlensiiure-Gehalt des Systemes nicht iin- 
dert. Wie aber bereits oben betont, halt sich der Kohlensaure- 
Gehalt im System praktisch genommen konstant. Das Aussehen 
einer derartigen Kurve geht aus Abbildung 3 hervor. Das vom 
Spirometer registrierte Volumen gilt fur die Temperatur des 
Spirometers, bei Sattigung der Luft mit Feuchtigkeit und unter 
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Abb. 3. Kiirve cius dom Vi?r?tidi vom dS. 3. 1(1-10 (^iclic .'tiicb Abb. 0). 
Sie zeigt den S.-uier.doffverbraueh eine.< .Moer.selnveincben.s kiirz vor. 
wahrend und kurz nacb einem expenmuntidku Astliinn. Ilie Kniekc in der 
Kurve geben jewoils den Zcitpnnkt fiir die Unisebaltnng <Ier Spray- 
Apparate an. Zeitmarkiernng in >5iniit('n. 


dem Jeweils herrsclienden Baroineterdruck. Das al^irele.seno 
Volumen muss dann auf 0 Grad, 700 mm Driick und Traekcn- 
heit reduzierfc werden. 

In manchen Versuclien wurde ein liOherer Sauer.stoff-GphaU, 
als der fiir Luft Normale, im System herge.stelU, da .“ich zei^te, 
dass die Versuchstiere untcr diesen Bedingimgen liingore Zeit 
ein sclnvereres Asthma aushallen konnten. In ver.sclriedencn 
Versuclien wurde der Saucrstoffgchalt zwischen 51) und 90 % 
variiert. Durcli Analysen von Gasproben, die dem System ent- 
nommen wurden, wurde stets die genaue Zusammensetzung der 
AtmosphUre in der Apparatur bestimmt. Wahrend dor Entnahmc 
dieser Gasproben wurde der Schlauch von der Tierkammcr zu 
dem Spirometer abgesperrt. Wenn die Verbindung zum Spiro- 
meter wieder geoffnet wurde, fiel die Spirometerglocke um ein 
Stiick, das dem entnoramenen Gasvolumen entsprach. Wie sich 
dies auf der Kurve darstellt, gelit aus der in Abbildung 1 wie- 
dergegebenen Kurve hervor. Die Vorperiode var stets lange 
geniig, damit sich das Versuchtier mit der im System vorhan- 
denen Zusammensetzung der Atmo.sphare ins Gleichgcwicht 
setzen konnte. Andererseits wurden die Versuche niemals so 
lange ausgedehnt, dass es zu einer schiidlichen Wirkung des 
erhohten Sauerstoff-Gehaltes hiltte kommen keinnen. Dies ist 
nach den tibereinstimmenden Angaben der Literatur erst nach 
mehreren Tagen der Fall. Irgend ein derartiger Effekt konnte 
auch nicht festgestellt werden. 
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Die Genauigkeit der Methode. 

, Ivachdem in den oben besprochenen Verhaltnissen Konstanz 
eingetreten war, beruhte die Genauigkeit der Methode allein auf 
dem Grad A'on Exaktheit, mit dem das Sinken des Spirometers 
abgelesen werden konnte. Das Volumen des Spirometers war 
350 cc. 50 cc'^ntsprechen einem Fallen der Kurve um 16 
mm. Die Meerschweinchen, die fiir die Respirationsversuche 
benutzt wurden, wogen ungefahr 600 gr. Ihr Sauerstoffverbrauch 
betrug im allgemeinen etwa 8 cc pro Minute. Wurde der Sauer- 
stoffverbrauch in 5-Minuten-Perioden bestimmt, so musste die 
Kurve um ca. 13 mm fallen. Man kann ohne Schwierigkeit ein 
Sinken der Kurve um 0,3 mm genau ablesen. Alle Ablesungen 
wurden kontrolliert. Der Fehler der Methode betragt daher 
bei Ablesung wahrend 5-Minuten-Perioden und unter den oben 
erwiihnten Bedingungen weniger als 2,5 %. Bei hbherem Sauer- 
stoffverbrauch und liingeren Ablesungsperioden wird das Feh- 
lerprozent kleiner, bei niedrigerem Sauerstoffverbrauch grosser. 
Kurzere Ablesungsperioden als 5 Minuten kamen nur in Aus- 
nahmefiillen vor. 

b.) Methode zur Erzeugmig ebxer niedngen Sauerstoff- vnd emer 
hohen Kohlensdure-Spamxung im geschlossenexi Respirations- 

system. 

Aus besonderen Griinden untersuchte ich an Meerschwein- 
chen die Effekte einer niedrigen Sauerstoff-Spannung bei nor- 
malem Kohlensaure-Gehalt, die einer erhdhten Kohlensaure- 
Spannung bei normalen Sauerstoff-Gehalt und schliesslich die 
einer gleichzeitigen Einwirkung von niedriger Sauerstoff-Span- 
nung und erhohtem Kohlensaure-Gehalt. Fiir alle diese ver- 
schiedenen Versuchsbedingungen eignet sich das oben beschrie- 
bene geschlossene Respirationssystem ausgezeichnet. 

Eiedrige Sauerstoffspannung wurde dadurch bewirkt, dass 
die Glocke des Krogh’schen Spirometers statt mit Sauerstoff 
mit Luft gefiillt wurde. Hierdurch nimmt der Sauerstoff-Gehalt 
im System allmahlich und gleichmassig ab. Dies ist von Bedeu- 
tung, wenn man will, dass die Versuchstiere die verminderte 
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Saiierstoffspannung moglichst langc jiushaUen rollon. Dadurch. 
dass man die Krogh-Glocke init cincm bestiminten Mengenteil 
Luft imd einem bestiminten Toil Sanerstoff fiillt, kann man 
nacli Wunsch die Gesclnvindigkcit, mit dcr die Sauersloffspan- 
nung im System abnimmt, bestimmen. FiiUt. man die Glockc mit 
300 cc Lnft, so bedeutet dies, dass dcr Snuerstoff-Gebalt des 
Sj^stems nach Entlcerung dcr Glockc urn ca. 50 % gesnnken ist. 
Das Versuchstier atmet namlich in der betroffendon Zeit 300 
cc Sauerstoff ein. Diese warden dern System entnoinmen. In der 
gleiclien Zeit werden aber nur ca. 00 cc Sauensloif dem System 
zugefubrt. Der Sauerstoff-Gchalt in ibm vermindert sicb daber 
um etwa 240 cc. Da das System urspriinglicb ca. 500 cc enthiclt, 
hat sich sein Sauerstoff-Gchalt nm 50 % vermindert. Der Sancr- 
stoffverbrauch des Versuclistiercs wnrde so bestimmt, wie es 
unter a beschrieben wnrde. 

Audi wenn man die Spirometcrglocke mit Sauerstoff fiilU, 
sinkt der Sauerstoffgehalt im System. Dies iierubt anf der Bci- 
mengung von einigen Prozent Stickstoff zum Sauerstoff. Rechnet 
man damit, dass der Sauerstoff 1 % Stickstoff beigemengt ent- 
hait, so werden mit jeder Entlcerung der Glockc dem Sy.stem 3 cc 
Stickstoff zugefubrt. Dei dem Sauerstoffverbraucb, den die Tiere 
batten, bedeutet dies die Zufubr von ca. 6 cc Stickstoff in der 
Stunde. Bei einem Yersueb von 10-stundigcr Dauer maebt dies 
ca. 60 cc. Infolgedessen vermindert sich der Sauerstoffgehalt 
im System um 12 %. Dies hat aber keinerlei Bedeutung. Bei 
manchen langdauernden Yersuchen wnrde trotzdem cine Liiftung 
des Systems vorgenommen, um die Yersuchsbedingungen mug* 
lichst konstant zu balten. 

Der erhohte Kohlensaure-Gehalt im System kam durch Iler- 
absetzung der Zirkulationsgeschwindigkeit auf etwa O.ts bis 
0,50 Liter pro Minute zu Stande. In manchen Yersuchen wnrde 
ausserdem nur ein Teil der Luft im System durch die Kohlen- 
saure-Absorptions-FIasche geleitet. Dies geschab dadurch. dass 
ganz Oder teilweise der Nebenschlussscblaucb 15 in Abbildung 
1 geoffnet wurde. Auf diese Weise kann man verschiedene 
Kohlensaure-Spannungen im System zwischen 1 und 5 % cr- 
halten. FTach ungefahr ^/o Stunde wird bei unverilnderten Yer- 
suchsbedingungen der Kohlensaure-Gehalt im System ziemlich 
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konstant, wobei er aber doch zwischen 0,5 und 1 % schwanken 
kann. Der Sauerstoffverbrauch des Versuchstieres kann daher 
nicht mit einigermassen grosser Genauigkeit berchnet werden. 
Eine derartige Berecbnimg wurde deshalb aucli nicht durchge- 
ftihrt. 

In manchen Versuchen -wairde die Einwirkung des erhdhten 
Kohlensaure-Gehaltes auf das Versuchstier so untersucht, dass 
das geschlossene System in ein offenes verandert wurde. In 
diesem Fall xxmrde Schlauch 14 an einen Douglassack ange- 
schlossen, der fortlaufend aus einer Gasbombe mit einer Gas- 
mischiing mit bekanntem Kohlensaure-Gehalt gefullt wurde. 

Die gleichzeitige EinwirJaing einer niedrigen Sauerstoffspan- 
nung und einer hoken Kohlensdurespa 7 mung wurde durch eine 
Kombination der oben angegebenen Verfahren hervorgerufen. 
Die Glocke des Krogh’schen Spirometers wurde mit Luft ge- 
fiillt und gleichzeitig die Zirkulationsgeschwindigkeit im System 
vermindert. Bestimmungen des Sauerstoffverbrauchs wurden in 
diesen Versuchen aus den oben angegebenen Griinden nicht aus- 
gefiihrt. Durch Gasanalysen xvurde die genaue Gaszusammen- 
setzung im System wiederholt im Verlaufe der Versuche be- 
stimmt. 

2. Offenes Respirationssystem nach der Methode von Douglas, 
a.) Nicht narkotisierte V ersuchstiere. 

Die Versuchsanordnung geht aus Abbildung 4 hervor. Die Aus- 
senluft, die durch ein Ventil in der Aussenwand eintritt, wird von 
der gleichen Pumpe, die fur das geschlossene Respirationssystem 
angewendet wurde, durch den Schlauch 1 weitergepumpt und 
durch die Sprayapparate 2 gedriickt. Auch diese sind von 
gleicher Art, wie weiter oben beschrieben. Von den Spray-Appa- 
raten wird die Luft in eine offene tubulierte Flasche 3 geleitet, 
deren Rauminhalt etwa 1000 cc ist. Durch ihren offenen Hals ist 
ein Schlauch eingefuhrt. Die Weite des Halses ist im Verhaltnis 
zum Durchmesser des Schlauches Nr. 4 gross. Infolgedessen be- 
steht keine Gefahr, dass die Luft in den Schlauch gedriickt 
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Abb. 4. Anordming fl\r die otfenc RcspirationsmeUiodik Douglas. 
Erklllrung dcr Ilinwoise im Text, 


wird. Kontvollversuche zeigten, dass dies tafsiichlich nicht ge- 
schieht. Der Schlattch 4 filhrt zum Atcmventil 5, dieses stelit in 
Verbindimg mit dcr Atemmaske 6. Die beiden letzteren Averf^cn 
weiter unten naher beschrieben. Die Atemmaske 0 i-St in einein 
Holzkasten 7 befestigt, in dem das Tier wUhrend des Yersuebes 
sitzt. Die Ausatmnngsluft gcht vom Yeniil zu der ^Yasscrkon- 
densations-Flasche 8. Sic wird wilhrond 5- Oder 10-Mimitcnpe- 
rioden im Sack 9 gesammelt. Die in einer 5- oder 10-}tlinnten- 
periode gesammelte Luft wird im Sack durcheinandergemischt. 
Danach wird eine Gasprobe von 50 cc zur Analyse entnommen. 
Der Inhalt des Sackes wird dann mit mOglicbst gleichmiissiger 
Geschwindigkeit dutch die Gasuhr getrieben. Zu dem gefun- 
denen Volumen werden 50 cc, entsprechend der entnommenen 
Gasprobe, addiert. 

Bie Atemmaske: Ihr Aussehen und ihre Konstruktion geht 
aus Abbildung 5 hervor. Sie ist aus Kautschuk vou der Art, 
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Abb. 5. Atemmaske (Grbsse 1: 1). 

wie er in der zahniirztliclien Praxis verwendet wird, angefertigt, 
direkt nach dem Abdruck eines Meersclnveinchen-Kopfes. Ich 
verAvendetc zwei Masken von verschiedener Grdsse, die eine 
passte fiir Meersclnveinchen von 500 gr Gewicht, die andere fur 
splclie von 700 gr Gewicht. Im Vorderteil der Maske ist eine 
Offnung, die inwendig mit einem Falz versehen ist. In dieser 
Offnung ist durcli eine Yerschraiibung eine Messingrdhre be- 
festigt. Durch eine Gummipackung wird die Verbindung liift- 
dicht. Die Messingrdhre ist durch eine Offnung in einem Metnll- 
band hindurchgesteckt. In diesem ist sie durch die oben er- 
wiihnte Verschraubung befestigt. Das Metallband seinerseits ist 
an dem Kasten befestigt. Bevor die Maske dem Tier aufgesetzt 
Avird, werden die Haare am Kopf und Oberkdrper kurz geschnit- 
ten. Kopf und Hals werden mit einer dicken Schicht Vaseline 
eingeschmiert. Ein breiter Heftpflasterstreifen AAurd quer tiber 
dem Riicken des Versuchstieres, ein Stiick unterhalb des Nackens. 
befestigt. Ein anderer Heftpflasterstreifen word tiber die Brust 
des Tieres geklebt. Die Atemmaske wird durch Schntire, die an 
ihr in Lochern befestigt sind, an den Heftpflasterstreifen fest- 
gebunden. Dber die Atemmaske wird dann ein sehr dtinner 
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Gummisack gezogen, der sich dcm mit Vaseline eingeschmicrten 
Hals eng anschliesst. Schliesslich wird die Atemmaske in dem 
Metallband befestigt und das Versnchsticr in den Hasten gesctzt. 
Dadurch dass man die Offnnng der Messingrbhre einen Augen- 
blick verstopft, kann man leicht kontrollieren, ob der Gummi- 
sack dicht halt. 


Das Atemventil: Es wurde cin Vcntil vom Loven-Typus be- 
nutzt. Seine nilhere Konstruktion geht aus der Abbildung 6 
hervor. Es bestelit aus Glas, Gummikorken und zwci mit Flan- 
schen versehenen Messingrdhren. Die Klappen sind sebr dunne 



Abb. 6. Atemventil (Grbsse 1:2). 


Gummimembranen, die an den Metallflanschen der Messing- 
rohre befestigt sind. Sie sind so leicht bewcglich, dass sie keinen 
nennenswerten Widerstand verursachen. Der schildliche Raum 
des Ventils ist ungefilhr 1 cc. Durch Kontrollversuche zeigte 
sich, dass die Ventile bei den Frequenzen und dem Atemvolu- 
men, die bei Versuchen an Meerschweinchen in Frage kommen, 
untadelig funktionieren. In diesen Kontrollversuchen tvurde eine 
Rekordspritze als Lunge benutzt. 

Der Sack: Der Sack war aus einem papierdiinnen Gummi, der 
Pliofilm heisst. Das Material war ein Fabrikat von Goodyear, 
und wurde mir von der Firma Akerlund und Rausing, Lund, 
bereitwilligst zur VerfUgung gestellt. Den Sack fertlgte ich 
selbst an, indem ich ihn zusammenvulkanisierte. Dies geschah 
dadurch, dass eine massig erwilrmte Rolle ilber das Material 
gefiihrt wurde. In der einen Ecke wurde ein gewdhnlicher Gum- 
mischlauch einvulkanisiert. Selbst wenn man den Sack zwei- 
schichtig herstellt, ist das Material so leicht, dass ein derartiger 
Sack bei massiger Fullung an einem Wassermanometer, mit dem 
man ihn verbunden hat, keinen Hberdruck zeigt. Blast man einen 
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derartigen Sack auf, so dauert es mehrere Stunden, bis er sich 
entleert, wenii man den Gummischlauch offen liisst, obgleich 
dieser einen grossen Durchmesser hat. Dieses Material ist, wie 
sich zeigte, gut fiir Siicke zur Aufnahme der Ausatmungsluft 
geeignet, da es fiir Saucrstoff und Kohlensaure schwer durch- 
giingig ist. Dies geht aus den Analysen-Werten der Tabelle 1 
hervor. 


Tabelle 1. 


it nach der Fflllung 

Sauerstoff 

Kohlensfiure 

des Sackes. 

in 

in 

0 Min. 

02,59 

11,11 

15 Min. 

— 

11,12 

30 Min. 

62,51 

11,37 

1 Std. 50 Min. 

— 

11,33 

3 Std. 30 Min. 

62,57 

— 

ca. 24 Std. 

62,07 

— 


In diesen Versuchen wurde fiir die Priifung der Durchlassig- 
keit fiir Sauerstoff eine Gasmischung angewendet, die unge- 
fiihr 02,5 % Sauerstoff und 37,5 % Stickstoff enthielt, und fiir 
die Untersuchung der Durchlassigkeit fiir Kohlensaure eine 
Mischung aus ca. 11,5 % Kohlensaure, 18,5 % Sauerstoff und 
70 /o Stickstoff. In den geu^ohnlichen A.teinversuchen betragt 
die Differenz zwischen der Ausatmungsluft und der Luft des 
Zimmers nur ca. 2 %. Da bei den Atemversuchen die Gasprobe 
zur Analyse unmittelbar nach einer 5- oder 10-Minuten-Periode 
entnommen wird, kann nach diesen Analysen-Werten keinerlei 
Veranderung der Ausatmungsluft in der Zeit, die fur ihre Ent- 
nahme gebraucht wird, zu Stande kommen. Der Sack wurde un- 
mittelbar darnach entleert, indem sein Inhalt durch die Gasuhr 
getrieben wurde. 

Die Gasuhr: Eine Kontrollgasuhr mit Wasserfiillung von dem 
Typ, der in Abbildung 4 wiedergegeben ist, wurde angewendet. 
Eine ganze Umdrehung entsprach 1 Liter, Der Inhalt des Sackes 
wurde mit moglichst konstantem Druck durch die Gasuhr getrie- 
ben. Bei alien Messungen wurden grossere Mengen als 1 Liter 
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gebraucht. Auf diese Weisc wird der niittlere Fchier in dem 
gemessenen Volumen kleincr als 0,5 %. Das bcstimmtc Yolumen 
wurde a\if 0 Grad, 7G0 inin und Trockenheit rcduzicrt. 


Die Gasanalysen: Diese warden nieist mit cinem von Kuogii 
modifizierten Haldane-Apparat ausgefuhrt, der init ciner genau 
ausgewogenen BUrette versehen war. Als mittlerer Felder der 
einzelnen Bestimmungen wird im allgemeinen fiir dlesen Appa- 
rat ± 0,02 (absolute Zahl) angegeben. Der Sauerstoffgcbalt der 
Inspirationsluft (Oj) musste nach folgender Forme! korrigiert 
werden; 

0,Korr. = 0.:^. 

Als mittlerer Febler fllr 0^ korr. wird ± 0,o3 angegeben (Nielses, 
1936). In der Regel wurdeii Doppelanalysen durcbgefuhrt. Da- 
durch wurde der mittlere Febler fiir die Sauerstoff-Differenz 
zwischen Ein- und Ausatmungsluft ungefiihr 0,o25. Unter den 
Bedingungen, unter denen icb arbeitetc, betriigt die Sauerstoff- 
Differenz etwa 2 %. Dieser Wert ist also mit cinem mittleren 
Febler von etwa 1,23 % bebaftet. 

Die Bestimmung der Ventilationsgrosse bat einen mittleren 
Febler von etwa 0,5 % (siebe aucb Knoon, 1920). Der totale mitt- 
lere Febler bei der Bestimmung der Sauerstoffaufnabme und 
Koblensaureproduktion nacb dieser Metbode ist demnacb unge- 
fahr ± 1,35 %. 

Vor und nach alien Analysen-Serien wurde die Aussenluft 
analysiert, um den Apparat zu kontrollieren. 


b.) NarTxotisierte Versuclistiere. 

Die Tiere warden mit Urethan (1,5 gr pro kg Korpergewicbtl 
betaubt. Die Versuche wurden in gleicher Weise aus°‘efuhrt. 
wie es unter a beschrieben wurde, nur mit dem Untersebied! 
dass eine Trachealkaniile eingelegt und mit dem ■ Atemventil 
verbunden wurde. 
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Es ist selbstverstandlich mit gewissen Schwierigkeiten ver- 
kniipft, die Douglas-Methode an so kleinen Versuchstieren, -wie 
es Meerschweinchen sind, anzuwenden. Die Metliode, die hier 
beschrieben wurde, ist aber meiner Meinung nach gut anwend- 
bar. Dies geht u. a. daraus hervor, dass die Atmung der Tiere 
nicht siclitbarlicli venindert wurde, Avenn die Atemmaske iind 
das Ventil angelegt wurden. In den Versuchen mit der Atem- 
maske TV'ird der schadliche Raum um etAva 2 cc Amrgrossert. 
In den Versuchen an narkotisierten Tieren diirfte keine Erholi- 
ung des schadlichen Eaumes eintreten. Auf jeden Fall sind die 
Verbal tnisse A\dihrend des ganzen Versuclies jeA\mils konstant. 
Es AAUirden nur Versuche beriicksichtigt, in denen irgend eine 
stenosierende Wirkung des Ventils nicht beobachtet Avurde. Die 
Tiere sassen AA-ahrend der oft sehr langdauernden Versuche ruhig 
da. Man kann daher, meiner Meinung nach, die Veranderungen 
der LungenA’entilation und des GasAA^echsels, die AA’ahrend des 
Asthmas auftreten, sehr gut beurteilen. Die Dbereinstimmung 
der mit dieser Methode gefundenen Werte fxir die Sauerstoff- 
aufnahme mit denen, die im geschlossenen Respirationssystem 
beobachtet AA'urden, ist auffallend gut. 


3. Temperaturmessungen. 
a.) An nicht narkotisierten Versuchstieren. 

In den Versuchen an nicht narkotisierten Tieren Avurde die 
Rektal- und Hauttemperatur nach dem Prinzip gemessen, das 
M. Rielsex (1938) an Versuchspersonen anAvendete. Die Ther- 
moelemente bestanden aus Konstantan und Kupfer. Das Element 
fiir die Messung der Eektaltemperatur (R) AS’urde aus Drahten 
Amn 0,3 mm Durchmesser gebildet, die in einen Gummischlauch 
eingefiihrt AAmren. Dieser AA'urde 5 bis 10 cm tief in das Rektum 
eingeschoben. Ftir die Messung der Hauttemperatur AAuirden 
ZAA^ei Elemente angCAA^endet. Das eine (H,) bestand aus Drahten 
Amn gleichem Durchmesser AA'ie die des Rektal-Elementes. Bei 
dem anderen Element AAmrde die eine Lotstelle, nilmlich die, 
die dem Tiere appliziert Averden sollte, Amn einem Konstantan- 
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vmd Kupfcvdrahl von nur 0,t imn Durt>hnuj«hor jrohildel. Dioi-e 
feinen DriUife varon ctwa o rni Inti*;. .Sio xvaron an ihftan Kndc 
an IConstantan- und Kupfenlrilhfc v((ti <K's mm Dnrchnn.'.-Kor 
angeUitet (IL). Auoh dlfpo Thoritmolomonto \var(>n, init Auh- 
nahmc dcr Ldtstidic sollist, din dcm Tior applizicrt wordon sotito, 
und die frei lag, in dilnne GimumschUinrhif ningefilhrL Dio !/<){- 
stello mit ihrcm Schlauch wunlo inir nfflpfla>=!(‘r?ireif<‘n anf 
dem Riickcn dcs Vorsuchstioros liofostigt, nachdom di** Haare 
kurz geschnittcn varen. Dus zulotv.i gcschildorto 'Ihonnordeniont 
gab elwa 1 Grad htihere Wcrto als da> (‘rstgonannto, Dii‘.~ V><*- 
ruht darauf, dass die groben Driihte von <lcr Haut Wiinne ab- 
leiten. Die hdlicrcn Werto sind also richtiger. Die Leiimigeii der 
Thcrmoeleinento gingcn durch eine Ki’dire im Doeke! der Tier- 
kammer ans dieser heraus. Dio amloro Iddslollo der 'riiernio- 
elemente var in cine Therniosflasehe clngefiihrt, deron Tompo- 
ratur ctwa 35 Grad war, und die sich in deni gleichen Wasser- 
bad befand, wie die Ticrkammer. Die Thonnosflascbo war gut 
verscldosscn. Die Wassertempcratur in ibr voriinderto sioli nur 
unbcdeutend. Die Tcniperatur koniUc auf oinein Normalthormo- 
meter abgelesen nnd auf 0,fli Grad genau gcscbalzt w(?rdon. 
Durcli einen KupplungsschUissel mit Quoeksilberkonlakt konn- 
ten die verschiedenen Therinoclemente naobeinandor mit oinem 
erapfindlichon Spiegclgalvanometcr in Vorbindung gesetzt wer- 
den. Dieses zeigte bei meiner Vorsuchsmclhode oinon Ausseldag 
von 3 cm fiir jedes Grad Differenz zwiseben den lAitstelien in 
dem Temperaturbcreich, der gemessen wurdo. Eine Yeninde* 
rung von 0,oi Grad konnte gut abgelesen wenlcn. Die Genauig- 
keit, mit der auf diesc Weisc die Temperatureu an den Versuebs- 
tieren gemessen werden konnten, betrug ungcfiihr O.os Grad. 

Man darf annehmen, dass die auf dicso Weiso gemessene Rck* 
taltemperatur der Bluttempcratur am niicbston liegt (u. a. 
CuRiSTENSKN, 1931). Die Hauttemperatur dngegon wurdc in 
diesen Versuchen dadurcb, dass die Thermoelomente mit Ileft- 
pflasterstreifen befestigt wurden, von einer 5'Aussentemperatur» 
in cine »Tiefentemperatur» verwandclt, da die Bedingun"en 
fiir die Wiirmeabgabe seitens der betreffenden Ilautstclle ver- 
iindert waren. In diesen Versuchen spiclt aber die genaue Ilaut- 
temperatur eine geringe Rolle. Von besonderem Interesse sind 
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vielmehr nur ihre Veranderungen, die wahrend des experimen- 
tellen Asthmas auftreten. Aus dem gleiclien Grunde hat es 
keine Bedeutung, dass die Thermoelemente fur die Messung der 
Hauttemperatur verschieden waren. Die Hauttemperatur wurde 
nur an zwei Stellen gemessen. Es Avar daher nicht mdglich, aus 
diesen Versuchen eine Vorstellung von der durchschnittlichen 
Hauttemperatur zu geAAunnen. Man kann sich aber Avohl eine 
Auffassung dariiber bilden, ob grdssere Veranderungen im Yer- 
halten der Hauttemperatur Avahrend des experimentellen Asth- 
mas Amrkommen. 


b.) An narkotisierten Versiichstieren. 

An betaubten Tieren Avurde nur die Rektaltemperatur be- 
stimmt. Dies geschah so, dass ein Thermometer in das Rektum 
eingefuhrt und in passender Tiefe fixiert Avurde. Um die Tem- 
peratur der narkotisierten Versuchstiere einigermassen konstant 
zu halten, Avurden in passender Hbhe iiber den Tieren 1 bis 2 
elektrische Glilhlampen angebracht. Das Versuchstier und die 
Dampen befanden sicli unter einem Zelt. Dadurch dass die Dam- 
pen yor dem Beginn des Versuches richtig eingestellt Avurden, 
gelang es die Temperatur der Versuchstiere ziemlich konstant 
zu halten. Wiihrend des Versuches selbst Avurden die Waime- 
bedingungen nicht Amriindert. Auf diese Weise ist es moglich, 
auch an narkotisierten Tieren das Verhalten der Rektaltempera- 
tur Avahrend der Stenoseatmung zu untersuchen. 

Das Thermoelement, das fur die Messung der Rektaltempera- 
tur bestimmt Avar, Avurde in Wasser von bekannter Temperatur 
kalibriert. Die anderen Thermoelemente, mit denen die Haut- 
temperatur gemessen Avurde, Avurden in Duft kalibriert. Sie Avur- 
den bei konstanter Temperatur im System in die Tierkammer 
gestellt. Da das Thermoelement fiir die Messung der Rektal- 
temperatur sich -in einem Gummischlauch befand, entstand eine 
Zeitdifferenz zAvischen der tatsachlichen und der von dem Ther- 
moelement registrierten Temperatur, die etAva 2 Min. betrug 
(vergl. Christensen, 1931, Seite 157). 

5 
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4. Blutdruckincssung, Iksthnniung dor Sanoi^lnnf;rittignng 
wnd (Ics Milc.hsUurft-lJclmUos <!(■« HIulcs. 


In ciJiigcn vorbcreitondon Ver<uch('n \vnr<lf‘ i".‘i ex|i'Tunf;n- 
tellem Asthma, das an Tierfm in Un-tiiati-Narkos.; ruisgoldst 
wurde, der artcriellc Blutdrnc.k in dar iildiclK'n \Vf!i}-i‘ mitnds 
eines Quecksilbcrmanomotf’rs und ciiuT Artt.'rit'ii-Kaniifc iti dftr 
Art. Carolis registriorl. 7air Verliindorung dftr IMutgeriniuing 
wnirdo Heparin bonut’/.t. 

In einigen Vcrsucbon ^Yurdt' aui'h die arterielle Snnerstoff- 
sattigung an Meerscluveincben in rrethan-Xarknse wilhrond des 
expcrimeuteUen Ilistamin-Asthmas bestimmt. Eine Artcrien- 
Kantile in. Form ciner T-Riiliro wurde in die eine l-arotls einge- 
filhrl. Durcb diese Kaniile kcmnte das Bbit nngesttirt vcn dem 
zentvalcn v.urn perii'borcn 'Peil der Arterie passiereu. Aus dein 
Seitenrohr wurde unter Luflaliseliluss Bint entnemtnen. Vis wnrde 
Vinter Paraffin aufbewabrt. Die Bestimmntigen vvurdou in der 
gewohnlichon Weisc nach van jfnYKV. ansgefUhrt. Aueiv in dieson 
Versuchen wurde Heparin 7.nr Veriunderting vier Blntgeriittinug 
benutzi. 


Anf die glciebe Weisc wnvdc aweb Bint v.nr Vntersnv'intng des 
MUchsaurc-Gclvaltes entnnmmcn. Dicser wnrde naoii ianiMAXX 
(1638) nnd nacli Mn.i.im nnd Mukt/, (1638) imstinunt. l.)er Mileb- 
saure-Gebalt. des Blntcs und in einigen Fiiiien ancii der Brenz- 
traubeusaure-Geivait ivurdc ansserdem ancii an nioiit iiarknti- 
sierten Tierenuntersuclit, die fvir die Versnclie iiiier das Verludten 
der Gewebsatmung bonntzt. wnrden. Der Brenztraiiitensaure- 
Gehalt wurde nacii Kuux (1641) bestinimt. Die Vorsuciistlere 
wurden durcb Nackensebiag getutet, die Carotidon geuffnet und 
das Blut, aufgefaugeu. Die Milcbsiuire-Anaiysen wurden im Zen- 
trailaboratorium des Sahigreivscben Krankeniiansos in Giite- 
borg, die Bestimmungen der Brcnzlranbensauro im Hoekofeiler- 
Laboratorinm der Mediziuisciien Klinik in Lund durclnrefidirt. 
Ich mochte an dieser Steile den Herron Prof. Lku.mann, Doz. 
HoutBERG und Dr. Stenstam, die fveundlicbcrweiso die.se I’nter- 
sucbnngen ausfiibrten, danken. 
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0 . TJntcrsucliiing dcr Gewcljsatnmng. 
a.) Mct/iode von Warburg. 

Was (lieso Methodc selbst bctrifft, mochte icli aiif Ivhebs 
(1920). uiul Dickens (1040) verweisen. Ich benutzte die Appa- 
ratur. die von Aheciikn (1020) angegebon ^^alrde. Die Rezipienten 
ivarcn genau init Quecksilber ansgewogen und liatten im all- 
gemeinen ein A^olunien von etwa 16.o cc. Als Versnehsmedinm 
bcnutzte icb Phosphat-Puffer, der nach zahlrcichcn Untersu- 
chungen ein besondors geeignetes Milieu fiir Muskelschnitte aber 
auch fiir audorc Gowebe ist (Thenbkuo. 1000, Aiavael. 1935, 
Kbebs und Eo(!LI>'ton. lOdBl. 

Icli benulzto Phosphat-Puffer naeh Sobensen. Diese Losung 
hatte cine Endkonzentration von m/18. Ihr pjj war T.is, Es 
zeigle sicli. dass die Losung in dieser Konzenlration ein genii- 
gend starkes Pufforvornu'igcn bpsass. Dies stimmi mil Vcrsuclicn 
von Alwael (1035) (iiiercin. dor zeigte, dass ein Phospliat-Pnffcr 
A'on ni/20 ein geniigend starkes PnffervennUgen liatte. Nach 
Beendigung dor Vorsuclie wurde in dor Regcl das Pjj dor in den 
Rozipienten befindlichen Losungen kontrolliert. Bei der Unter- 
suchung mit Glaseloktrodcn zeigte .sich. dass diese Losungen 
ein Pjj batten, das gar nicht odor nur unwesentlich von dom des 
Phosphat-Puffers abwich. Warden Substanzen, deren p,jVon dem 
des Phosphat-Puffers verschieden war. in snlchen Mengen zu- 
gesetzt dass sie das p„des Puffers versehieben konnten, so wurden 
die Znsatze vorher neutralisiert. Uin einen orientiorenden tlber- 
blick iiber \'eranderungen im pjj zu erhalten, wurde in manchen 
Fallen Indikatorpapier (Ly]ihan LOGS) benutzt.Dies warmoglich. 
da es sich stets um gut. gejiuf forte Losungen handelte. Das ge- 
naue Pjj der benutzten Piiosphat-Puffer wurde mittels Chin- 
hydron-Elektrodo bestimmt. 

Die Versuchstiere ■vmrden durch Nackenschlag getotet, und 
die Carotiden moglichst schncll geoffnet. damit die Tiere sich 
verbluten konnten. Die Organe, die untersucht werden sollten, 
wurden moglichst rasch entnommen und in eisgekiihlte Glaschen 
gelegt. Nachdem die Gewebe moglichst vom Blut befreit und von 
Fascien und ahnlichen Anhiingseln freipriipariert waren, wurden 
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sic iimerhaib von 4 Mimitcn auf cinctu cisp;kilhitcn IJlirplas 
klein gescluiitton. Nnchdcm dio Gowcbc kU^in gcsolmittcii warcn, 
^^n^vdcn sic cisgekUlilt in gut verschlosscncn (flilsclicu nufbc- 
wahrt. dc 200 mg wurdon ahgcwugcn und in die vttrsciiicdcmm 
Rexipienten gcbracht, die init 2w<’c Huspcnsionsflfbsigkcit i)0- 
schickt. waren. Diese wur<lfn zugekorkt. tind cisgckOhlt auniC- 
wahrt, bis sic auf die Manometer gesetr.t wiinicn, unmitteliair 
bevor letztoro ins ^Yass^^rllad Uamen. In dcr Rege\ gesebab die? 
genau cine Stundo, nachdem »ias 'i’ier getdtet wordmi 'var. Zur 
Absorption dcr Koblensiiure \var in dem Mittel-Nnpf dcr Rc7-i- 
pionten 0,3 cc 1/n KOII. Die Temperatur <les Wasserhades nnrdc 


boi genau 87 Grad gcbaltim (auf 0,i <5rad exakt). 

In einer kleincren Versuchsreihe nmrde di«’ anacrol*e Glyko* 
lyso manomolriscli licsiimmt. Bczuglieb dcr MetinHie verweise 
ich auf Kmms (1020), Dickuns (1040) und Hoyi.as'ii (1041). F'ir 
dicso Versuebe Avurdc cine GiyUose nnd Bikarbonat entbalicmle 
Ringcrldsung in dcr Zusammensetzung angen'cndet, wie sic bin 
Dickens bcschricbcn wurde. Die Versuclm warden in einer Siick- 
stoff-Atmospbarc mil. % Koblensilure-Gelialt durebgefilhrl. 
Diese Gasmiscluing, die in Gasbomben r.u crlmlten war. hattc 
aber ausserdom oinen Saucrstoff-Gcbalt von 0,2 ?o. Die Gasini- 
schung wurdo tiber rotgliihcndcs Kupfer gelcinn, das .‘^icb in 
einer mit einer Warmespirale verseiienen (Juar/.robre befand. 
Hierdurch wurde dcr SauerstofGGebalt auf etwa (kre % borab- 
gesetzt. Der so gewonnenc Sauerstoff wurde zur FuUung dot 
Respirometcr bemilzt. Aucb in diesen Versueben wurde Gewebe- 
Brei angewendet, obgleicU die manometrisebe Bestimmung der 
anaeroben Glykolyse bei dcr Bcnutzaing von Brci wenicor sicker 
ist, als bei der von Gewebs-Sebnitten (Boyi.ako, 1041), Die be- 
treffenden Versuebe wurden al>er nnr vai dem Zwi'ok angestellt. 
zu ermitteln, inwieweit grdsscre Untersebiede in der anaeroben 
Glykolyse wabrend des experimontollon Asthmas zu beobaohten 


wiiren. 


b.) Mcthylenblau-Ueihode. 


Die Versuebe mit dieser Metbode ^^mrden parallel mit don 
Warburg Versueben durchgefilUrt. Hicrfiir wurden unmittelbar 
nach dem Beginn des Warburg-Vorsuebes 200 mg Gewebe ab- 
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gewogen. Beziiglich der Methode verweise ich auf Ahlgren 
(1925 und 1934) iind Alwall (1935). 

Es Avurden sowohl gewohnliche Thunberg-Rohren wie auch 
die von Ahlgken modifizierten T-fdrmigen Typen benutzt. In 
den Thunberg-Rohren Avurde eine Fliissigkeitsmenge yon ins- 
gesamt. 1.3 cc und 0.3 gr Gew-ebe angeAA'endet, in den Ahlgren- 
Rohren eine Fliissigkeitsmenge A'on insgesamt 5 cc und 0,2 gr 
GeAA-ebe. Als Suspensionslosung AAuirde auch hier ein Phospat- 
Puffer (p,j = 7,13) benutzt. In den Thunberg-Rohren Avar der 
Puffer m/7,ri, in den Ahlgren-Rohren m/18. In der Regel kamen 
1000 y Methylenblau zur AiiAA’-endung, in einGm Teil der Yersuche 
auch 1250 und 1500 7. 

Die EA’akuierung A\nirde durch eine Vakuumpumpe beAvirkt, 
die I)is auf 2 mm Quecksilber herunter ging. Die Temperatur 
irn Wasserbnd Avar 37 Grad. 

Dio Kontrolle des p,j Avurde auch in diesen Yersuchen mittels 
Glaselektrode haufig A'orgenommen. 

6 . Bestimmung der Cozymase. 

Die Extraktion fiir die Bestimmung des Gozymase-Gehaltes 
in den GoAveben erfolgte nach Euler, Schlenk, Heiavinkel und 
Hogberg (1938). Fiir die Bestimmung der gesamten Cozymase- 
Jlenge Avurde demgemliss mit AVasser extrahiert^ fiir die Bestim- 
mung der Dihydrocozymase und der oxydierten Cocymase mit 
m 20 NaOH, bezAA\ mit m/20 HCl. 

Die Tiere wurden in der geAvbhnlichen AVeise durch Nacken- 
schlag getotet. Man liess sie verbluten und entnahm dann mog- 
lichst rasch die Organe, die in eisgekiihlte Gliischen gelegt Avur- 
den. 0,5 gr GeA\mbe (bezAv, 1 gr fiir die Bestimmung der Dihy- 
drocozymase und der, oxj-dierten Cozymase) Avurden schnell 
abgeAvogen und Aviihrend 5 Sekunden klein geschnitten. Dann 
kamen sie in Zentrifugenglaser, die 1 cc Extraktionsmittel ent- 
hielten und in einem kochenden AYasserbad standen. Als Extrak- 
tionsmittel Avurden doppelt destilliertes AA^asser, m/15 Phosphat- 
Puffer Pg 6,3, m/20 HCl und m/20 Na OH angeAAmndet. Nach 4 
Minuten Avurden die Glaschen rasch abgekiihlt. Man liess sie 



70 


ni'.I.OK 


dann Vs Stundo in kaltcrn Wasscr Htehen. Danadi wnrdt* zontri- 
fugiert nnd da.s ICxtraktinnsmilfid dokanticrt. Daranf \Y(irdf! 
Icc neucs Extraktionsmitlol ziigosctzt, woraiif die fieweiisma!;- 
scn im Zentrifugenglas init einer schinalen Mdiere snrgfaitig 
klein gcsciiniltcn warden. IXas Kdiirciien hlici> dann la Minnten 
stelicn. Nach die.ser '/eit ward*; winder zenirifngiert. Ikix hxtrak- 
tionsmittel wurdc dckaniiert. tmd mil dem er.*^ten 5‘Atrakt vcr- 
einigt. Wenn das Extraktionsniittel ans H(d odor NaOl! lieslatul. 
wurde der Exlrakt. nentralisiert. Dann w\jrde. der V/Xtrakt ;uif 
3 cc verdiinnt. Dio Keutraiisation nnd Verdiinming v.-nrdo im 
allgomcinen 2 Stnndon. nuelidein das Versindistier getittet war- 
den war, vorgononmien. Daranf wurde das Zentrif«igeurdhrchen 
im Eisschrank ins znm Beginn des Garungsvorsiiche> anfiie- 
wakrt. Dieser wurde in dor Kegel 3 Stnndon naeli der TtHung 
dos Ticros durchgefuhrt. FUr detj Gilrungsversuch warden 1 cc 
Extrakt angewendot. 

Die quantitative Bestimmung der extr.-diiorten (.kf/.ynuise or- 
folgte im Gilrungsvcrsuch nnch Myi?I!.\ck (102vS nnd 1037). Dio 
Vergilrungen warden jedoch in einem Warlmrg-.'\jq>araf durcii- 
gefiihrt. Beziiglicli der Mothode verwei.<o ich anf Soiii.r.XK (1041). 
Die Vergiirung wurde in Luftafmosphdre vorgonoinmen. leh 
wendete Trockenhefo and Apocymase an, die nus linterhefe lier- 
gestellt ■uuirde. Letztore wurde mir kereitw'illigst von der Ifam- 
burger Brauerei in Stockholm zur Verfiigung geslellt. Die G:ir- 
mischung hatte folgendo Zusaminensetzung: 200 mg Apoeymasc, 
50 mg Glykose, 0,3o cc Hexosediphopphat, otwa ~y “Dig als ^a- 
triumsak, 0,2 mg ^[gSO„ 0,2 mg MnSO„ cc Phosphat-Piiffer, 
m/2,5, Pjj 6,3. Gesamtmenge 3 cc. 

Die Extrakte aus den Geweben warden im Garungsversnch 
mit einem Cozymase-Prilparat verglichen, das von Herrn Prof. 
H, VON Euler freundlicherweise dem Institul zur Yorfuirun'’’ gc- 
stellt wrirde. Bei einer Aktivitatsprlifung, die im Institut von 
Prof. VON Euler im Februar 1942 x'^orgenommen wurde, orwies 
sich dies Priiparat als etwa 98 %-ig. Es enthielt ungofahr 1 ?o 
Adenylsjiure. Dieses Cozymase-Praparat wird Cozymase I "C- 
nannt. Ausserdem wendete ich fiir mcine Versuclic ein von 
Doz. Holmberg hergestelltes Priiparat an, das ebenfalls freund- 
licherweise zu meiner Yerfiigung gestellt xvurde. Dies Priiparat 
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1. Ordinate: cmm CO... Ab?zisse: Zeit in Stunden. 

I. O-Gjinin'r. ohne Cozyniase-Zusatz. II. Znsatz 

von 15 -/. III- von SO-/, IV. von 45-/, V. von 60}'. 

VI. von 73 }’. VII. von 90 ;• Cozymase I. 

2. Ordinate und Abszissc wie bei 1. 

VIII. Zusatz von 100 X. von 200 ;• Cozymase III. 

IX. Zusatz von 50 •/, XI. von 100 }• Cozymase II. 

3. Ordinate: cmm CO„. Abszisse: j’ Cozymase I. 

Tvird als Cozymase II bezeicimet. Ein drittes Praparat stellte 
ich selbst her. Cozymase III. Cozymase II und III mirden nach 
der ;Methode von Willi.amson und Greex (1940) dargestellt. Im 
Garungsversucb zeigte sich, dass sich die AEtivitat der oben 
genannten Praparate wie 1 :0,4i : O.n verhielt. 

Um den Cozymase-Gehalt in den Extrakten feststellen zu 
konnen, musste ein Vergleich mit bekannten Mengen Cozymase 
vorgenommen werden. Dies geschah nach Myrback so, dass in 
5-Minuten-Perioden die Kohlensiiure-Entwicklung verscbieden 
grosser Mengen von Cozymase I bestimmt wurde. Ein derartiger 
Versuch ist in Abbildung .T Nr. 1 dargestellt. Die erhaltenen 
Werte wurdeh in eine Kurve eingezeiclmet, die die produzierten 
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Koi)l(!nsii\nx‘-Mon^'t!n als OrdiniUt* uiwl die '/fit vdnt H.'^nnn der 
Giinin^- nn alf; Abs-/.if;s(' (adhi<-H. /wij-clifn d«‘r dO. uml tiO. Miuiitd 
wiirdiMdno «:('rado Liiii.* duiTh uiifrlich.-;! violc Puiilctd fur find 
•rcsroiu’Uf Coy.yinaso-Konv.fntratiun ^d>v.ojrfU. Auf dif.-fr Linie 
Aviirdo die Kolilon.saurf-l’rodnktioii wiihrund Stimdf abfrfh.'- 
<<eu. Dann wurdf der Wert, fur finf Stuudf iitTfcluift. Au> dor 
so gofnndfiifn Koldcnsiiuif-Vlniwifkliing }*ri> Siundf wurdo 
oiue Vovtiloiohskurvf fiir vfrscldfdfu gi'o>si‘ Mfugfu voii ( ttzy- 
masc gozeiolnifl, wii* fs nus Abidlduug 7 Nr. >> luu vovgfht. Kaclt- 
dfin in fiUsiirccIifud('r Wei-ic dif Koldcnsaurf-l'-iuwickiuug fiir 
die vorseliiedeneu ICxlraUti* iin (JarungsviMMieh iM•^tiunnt wov- 
den war, orhielt man aus der Vergloicliskurvo ihre ('o/'.ymas'*- 
Mengen. Dio Gavungsvi'r.-neho. die der Vergleieliskurve nnd der 
Untersuchung der Extrakto sell»sl zii (Giiiule liegen. niiissmi mil 
der gleiehcn Aiio'/.ymaso dureligefulivt worden. Sic. iniG-'fii for- 
nor zoillich moglieUsl nuho lteieinat\der liegen. ilir zt'itiiolier Al>- 
•stand soil am besten nieht mehr als zwei Woelieu soiu. da .sieb 


die Apozymase so langc als ansrfuebond konstant erwies. 

Im /usaminonliang mit alien Vorgiirungsver.suchon wurdeu 
Additionsvei'sucho ausgcfuhrt, in denen oin viubekanntev Extrakt 
zusammen mit ciner bekanntcn Mongo Co/yma.so gepriift wurdo. 
nm zn koatrollieren, das die Extrakto koine garung.sheinmenden 
Stoffe enthielten. Eiuc solcbc \\emmcnde AVirknng hat si(!b abor 
niemals gczeigt. Als bokannte Cozymaso-^'Icngo wnrdc in diescn 
Yersuchen ein Koclisaft aus Trockenhofe benntzt. Diosor wurde 
fiir jedcn Versuch in gleicher ^Ycisc liorgestollt: O.r. gr Trockon- 
hefe nnd 5 cc doppelt destilliertcs Wasser warden 2 Minuten 
gekocht und dann filtriort. Dio Gozymasc-Monge in diesem 
Kochsaft wurde in der oben Jingcgebenen Y’cise beslimmt. In 
einer \ersuchsserie, die spiiter naher zu I'csprechon ist, warden 
die folgenden, in Tabeile 2 wiedergegebenen AYorte fur den 
Cozymase-Gehalt des Kochsaftes gefunden. Sie konnon aach als 
Beleg fiir die Sicherheit der von niir benutzten Glirungsmothodo 
dienen. Zu alien Yersuchen wurde Apozymase YI verwendet. 

Was die Genauigkeit der Extraktionsmethode betrifft, so bo- 
tonen von Euleh und seine Mitarbeiter (1938), dass auf sic 
vor allem zwei verschiedene Faktoren einwirken. Zum Ersten 
bekommt man stets deshalb geringere Cosjunase-Mengen, als die 
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Datum des Versuches 

20. 1. 43. 

28. 1. 43. 

29. 1. 43. 

1.2. 43. 

2. 2. 43. 


Tabelle 2. 

Kochsaft in cc 

0,25 

0,25 

0.25 

0,5 

0.5 


Gefundene Menge 
Cozymase in y 

' 20 

19 

20 
42 
39 


die tat.snchlieh in den Or^anen vorhanden sind, weil ein Teil 
der Cnzymase hei der notwendigen Erliitzung zer.slcirt wird nnd 
weil die Extraktion nicht vollstandii? ist. Die genannten Ver- 
fasser geben die Grtisse des Defizits, das auf diese Weise zu 
otande kommt, mit 20 bis 40 % an. Zum Andern ist die Methode 
selbst mit einem Felder von etwa ± 20 % behaftet. 

Da es fiir micli nur daraiif ankam, den Cozymase-Gehalt in 
den Geweben von normalen Versuchstieren mit dem in den Ge- 
weben von Tieren, die Asthma batten, zu vergleichen, so wax- 
es von geringer Bedeutung, dass die verglichenen Werte samt- 
lich prozentual ungefiihr in gleichem JIasse zu niedrig waren. 
Der mittlere Fehler fiir die einzelnen Bestimmungen liegt bei der 
von mir angewendeten Methode zur Extraktion der Cozymase 
aus den Geweben von verschiedenen Versuchstieren und zur 
Bestimmung der Cozymase-Mengen, die sich in den Extrakten 
befinden, bei ungefahr ± 15 %. Dies gilt fiir Normalmaterial, 
bei der Extraktion mit Wasser wie mit Phosphat-Puffer. Ver- 
gleiche ferner Tabelle XX. 

In der oben zitierten Arbeit von v. Euler wurde der Cozymase- 
Gehalt in der Leber der Ratte bestimmt. Es warden 215 y pro 
gr frisches Gewebe gefunden. Eine Angabe iiber den Coz 3 ^mase- 
Gehalt der Leber beim Meerschweinchen konnte ich in der Lite- 
ratur nicht finden. In meinen Versa chen erhielt ich bedeutend 
hohere Werte, bis zu 500 y pro gr frisches Gewebe. Dies konnte 
darauf beruhen, dass entweder die Meerschweinchen einen gross- 
eren Cozymase-Gehalt in ihrer Leber haben, Oder darauf, dass die 
von mir angewendeten Cozymase-Praparate seit der Bestimmung 
ihrer Aktivitat schwhcher geworden waren. Die absoluten Werte 
haben aber, wie bereits friiher betont, in dem mich hier interessie- 
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rcnden Ziisamincnhaiijr kcinc hcsundcrc H(!(lculutivr. Es kam liior 
nur clarauf an, den Coxymase-OeliaiJ, vnr allcm in der Eeimr, 
von normalen und von a.^tliinalischcn V<Msnc1i>tiiTen zu ver- 
gleichcn. 


7. Angenendcle l‘riipande. 


1. ) Phosiihat-Puffor naeli Sf.i:i:s‘si;N (Xa,llPO,-!-211;.0, KH,PO;;. 

2. ) Me(hylenl)lau, inediziniseli-chejnisch rein nnd eiilor/.inkfrei, 

»Mcrck>. 11.0). Bei den Angalien iibor die 

Konzentration ^vurde diese aus dem \va<st,T!ialt!iien Priqia- 
rat berechnet. 

3. ) HistamindiUydvoclilorid (C.-.IlyN;,'i-2 HO!) > ^i(‘l■(;k (•JilTb. 

2092, 3249 T). 

4. ) d-, 1-Milcbaaure, Lactic acid, analytical B, 1). U.. Loudon. 

Die in den Vcr.?uc!ien ang(.*{reb(>nen Konzentratiojit'n sind 
solche von d-Milclis:iuro. Da? Priiparat v'urde init NaOll 
neutralisiert. 

5. ) Bernstoinsanve. Acid.?uccinicnm albi??,'i)io analy?i > Merck-'. 

Das Priiparat vnirde init NaOH neutralisiert. 

G.) Cozymase-Prilparale. Die.^e vurden in Al)sclmitt G be- 
schrioben. 


7. ) Adcnylsiuiro. Adenylsiinre :>Mcrck-' (42G90). adenvlic acid 

B.D.H. (3G3712). 

8. ) Adenosin B.D.H. (587042/38714). 

9. ) Adenin »Merck» (W 41372, 838, 1032). 

10. ) Nicotinsilureamid, ^:Mcrck» (W 31118, (hoo, 20594), Hoff- 

mann-La-Roche (15792, 5206). 

11. ) Cocarboxylase (ca. 80 ?oig). Dies Priiparat wurde inir von 

Herrn Phil. Dr. E. H. Lundix, Kiirnbolaget. Stockholm, 
frenndlichorweise zur Voidiigung gestellt. 

12. ) Natriumhexosediphosphat. Da.s Priiparat wurde aus .'> 2 :hi- 

kofos Astra», das Calciumhexosediphosphat mit einein de- 
klarierten Gehalt von 17 % Calcium und 30 % p.,0- ist, 
dutch Umsetznng mit Natriuinoxalat dargestellt. D.abei 
wurden etwa 15 % weniger als die berechnete Menge Oxalat 
verwendet, um einen Oxalat-tfberschuss in der Losnn" 
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sicher zu vermeiden. Die Losung -Hiirde 24 Stunden 
in der Schiittelmaschine geschuttelt iind dann mehrfach, 
ziiletzt warm, filtriert. Die so gewonnene Ldsimg wurde 
steril aufbewahrt. Diese Losimg von Natrhimhexosedi- 
pliospliat enthielt bei der Priifung in jedem Fall weni- 
ger als 1 mg Oxalat auf 5 cc. Da den verschiedenen 
Garungsansiltzen 0.3 cc dieser Ldsnng zugesetzt wurde, war 
die Konzentration des Oxalates in der Giirmiscliung auf 
jeden Fall kleiner als m/6000. Nach Boyland (1941, Seite 
2263) hemmt Oxalat die Glj-kolyse um 50 % bei einer Kon- 
zentration von m;200. 

8. Die Auslosung des Asthmas. 

Experimentelles Asthma wurde toils durch Histamin, teils 
durch das homologe Antigen bei vorher sensibilisierten Tieren 
lier\mrgerufen. Als Antigen wurde fast ausschliesslich Homo- 
serum angewendet. Die Starke der zu verwendenden Losungen 
musste in jedem einzelnen Versuch ausprobiert werden. Haufig 
war es mit Schwierigkeiten verbunden, gerade die Konzentration 
zu finden, die ein ausreichendes und gleiclirniissiges Asthma 
bewirkte. Die Histamin-Ldsungen warden zwischen 0,i und 5 pro 
mille variiert. Das Serum vuirde teils unverdiinnt, teils bis zu 10 
fach mit physiologischer Kochsalzldsung verdiinnt ange^\endet. 


9. Versuchstiere. 

Fiir alle Versuche warden ausschliesslich Meerschweinchen 
benutzt. Filr die Respirationsversuche warden in der Regel 
grdssere Meerschweinchen von 500 bis 700 gr, ausschliesslich 
miinnliche Tiere, verwendet. Nach Krogh und Lindberg (1931 und 
1932) ist namlich der Sauei’stoffverbrauch bei grdsseren miinn- 
lichen Meerschweinchen gleichmassiger. Diese gewdhnen sich 
ausserdem rascher an die Apparatur. Durch Yorversuche muss- 
ten sicli die Tiere stets an die Apparatur gewdhnen, bevor sie zu 
den Yersuchen selbst verwendet warden. Bei manchen Tieren 
wurde das Asthma mehrere Male ausgeldst. Ftir die Yersuche 
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iiber die Gowebsatniung warden .'inch kleinerf3 'i'iere vorweiulet, 
aber in jcdcr Vcrsuclisrcihc unKcfilbr { 2 ;lcicli<:frof;pe Ticre, donn 
jungero Tiere haben hilufig intensivere oxydative Prozes^He in 
ihren Gcweben, als iiltcre Tiere. Dies wnrdo a. a. von AaoHp.- 
HALDEN and WERxninMKu (1922) nacligewiesen. In dcr Rcgcl 
warden nar miinnliclie Ticre angcwendet. I'ngefiibr 10 Tiere 
warden gleichzeilig vom Ticr/acbter nngeschafft. Diese batten 
sich zAuiachst mindcsten? 2 Wocben, oft liingor. an die VoriiiiU- 
nisse im Tierstall des Instilntes za gcwohnen. An einer derarti- 
gen Serie von Versaciistieren warden abwecbselnd N'ormalver- 
suche and Astbinaversacla! dnrcligefiibrt. am a\if die^e Weise 
mbglichst kennzeichnendc Wcrte za gewinnon. In der Kegel 
warden die Tiere von dcm gleicl\cn Tierziicbter bezogcn. damil 
das Material inoglicbst einbeitlicli war. 

Fiir die Respirationsvcrsnche blioben die Tiere 12 .Stnnden von 
Beginn des Versachcs ohne Fatter. Da.*? Gleicbe war tier Fall in 
manchen der Versaclisrelhen, in denen die Gewcbsatmang anter- 
sacht warde. In andcren diescr Vcr.^acbsreihen erbielten die 
Tiere bis G Standen vor dem Vcrsach ilir Fatter. Bis znm Be- 
ginn des Versiiches batten sie stets Zngang znm Wasser. 
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Kespiratioiisversiiclic im gesclilosseneii System. 

In diesem Knpitcl worden Versuche mit kontinuierlicher 
Registrieruncr des Sauerstoffvcrbrauchos beim experimentellen 
Asthma, das durch Histamin wie auch anf anaphylaktischem Wege 
ausgelost \nirde, dargestnllt. Ausscr dem Sauerstoffverbraucli 
Avairde in der Regel die llcktal- und Ilanttemperatur der Ver- 
suchstiere fortlaufend aufgezoichnet. Der Allgemeinzustand der 
Ticre wurde durch oin Glasfcnster im Deckel des Tierkastens 
beobachtef.. Auf diesc Weisc konntc auch der Schweregrad des 
Asthmas beurteilt -wcrden. Die Atemfrecpienz wurde durch di- 
rekto Zilhlung bestimmt. Zwischen den beiden oben genannten 
Formen des experirneutellen Asthmas konnte kein prinzipieller 
Unterschied konstaticrt werden. 

Der Schweregrad des Asthmas \%mrde durch die Ziffern 1 bis 5 
bezeichnet. 1. Leichtes Asthma: Die Atemzuge waren deutlicher 
markiert als normal und etwas erschwert. 3. Mittelschweres 
Asthma: Deutlich ersclnverte Ausalmung, regelmsissige Atem- 
frequenz. o. Schwercs Asthma: Dio sthrkste Atemerschwerung, 
die die Versuchstiere aushalten kbnnen. Bei der Ausatmung, die 
bedeutend verliingert ist, kbnnen die Tiere die Luft nur mit gros- 
ser Schwierigkeit herauspressen. Die Atempausen sind verschie- 
den lang. Hierbei besteht dauernd die Gefahr, dass die Tiere er- 
sticken kOnnten, wenn sie nicht im Stande waren, die erschwerte 
Atemarbeit fortzusetzen. 2 und 4 bezeichnen die Schweregrade 
eines Asthmas, das zwischen den oben dargestellten Grenzen 
liegt. Wenn auch die Grundlage der Beurteilung des Grades des 
Asthmas rein subjektiv war, konnte doch auf diese Weise eine 
ganz gute A^'orstellung vom Zustande der A^'ersuchstiere gewon- 
nen werden. 
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Der Allgemeinznstand der Versuchstiere. Die meisten Tiere 
sitzen. walirend der Atmungserschwerung ganz nihig. Facli 
einem schwereren Asthma-Anfali, der langere Zeit anliielt, sehen 
die Tiere matt und schlapp aus, ihre Atemzuge wirken ermudet. 
Man hat den Eindruck, dass die Tiere gewissermassen Schwierig- 
keiten haben, die Atmungsbehinderung zu bewiiltigen. Oft halten 
sie den Kopf nach oben und etwas nach hinten geneigt, Avahr- 
scheinlich, urn auf diese Weise die Arbeit der auxiliaren Atem- 
muskulatur zu erleichtern. Der Kopf wird mit jedem Atemzug 
vor und zuriick bewegt, und die Atembewegungen sind auch im 
iibrigen niclit auf den Brustkorb beschrilnkt, sondern der ganze 
Kdrper nimmt sozusagen an ihnen Teil. Nicht selten zittern die 
Tiere ein wenig. In den schAversten Fallen liegt der Unterkorper 
schlapp da, wahrend der Kopf andauernd aufrecht gehalten wird. 
Nachdem ein Asthma lilngere Zeit bestanden hat, kann sich das 
Versuchstier manchmal auf die Seite legen. Man hat den Ein- 
druck, dass die Tiere meist ein schweres anaphylaktisches 
Asthma besser ertragen kdnnen, als ein HIstamin-Asthma von 
anscheinend gleichem Orad. 

Die Atemfrequenz. Wenn man die geeignete SUirke der Lbsung 
ausprobiert, die angewendet werden soil, um das Asthma auszu- 
Ibsen, verfahrt man zweckmassigerweise so, dass man mit schwil- 
cheren Konzentrationen beginnt und diese . dann allmahlich er- 
hoht. Der erste Effekt, den man dabei an dem Versuchstier 
beobachten kann, ist eine deiitliche Erhbhung der Atemfrequenz, 
ohne dass dabei die Atmung erschwert ist. Wenn die angewendete 
Konzentration gerade den Schwellemvert iiberschreitet, der not- 
wendig ist, um eine Veranderung der Atmung auszuUisen, so 
kann die Atemfrequenz lange Zeit erhoht bleiben (siehe Abb. 
11 und 12). Bei etwas starkeren Konzentrationen nimmt in 
der Regel die Atemfrequenz mit steigendem Sclnveregrad des 
Asthmas ab (siehe Abb. 8, 9 und 10). Bei schwerem Asthma 
kann die Atemfrequenz unterhalb des Mormalwertes liegen. 
^Venn man mit dei Inhalation der Lbsung, die das Asthma 
hervoiTuft, aufhbrt, steigt die Atemfrequenz wieder an, gleich- 
zeitig damit, dass die vorher erschwerte Atmung allmahlich 
Avieder leichter Avird. Die Frequenzerhbhung libertrifft dabei 
haufig die initials Frequenzzunahme im Beginn des Asthmas 
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Abb. 8. Vcrsucli voin 13. 12. 1039. Gesclilosscncs Rcspirationssystem mit 
atmospiiilrischcr Luft. Gewichl dcs Ycrsuclisticrcs 750 gr. Asthma durch 
l-eo^/onigc Histinninliisung licrvorgerufen. Die Pfcilc markicren den Be- 
ginn und das Ende der Inhalation der Histaminlosung. 

Allgenieinzustand des Tieres: Das Vcrsuchstier verliielt sich wUhrend der 
ganzcn Zeit ruhig. 

I. Atemfrequenz pro Minute. 

II. Sauerstoffaufnahme in cc pro Minute (reduziert auf 0°, 760 mm Hg 
und Trockenheit). 

III. Grad des Asthmas (1. Leichtestes Asthma, 3. mittelschweres Asthma, 
5. schweres Asthma), 

Abszisse: Zeit in Stunden. 
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(siehe Abb. 8 und 9). Allmahlich sinkt dann die Frequcnz 
wieder zur Norm. Die Kurve der Atemfrequenz hat demnach 
einen zweigipfeligen Verlauf. 

Die Verandenmgen in der Atemfrequenz treten in der Rcgel 
rascher auf, wenn das Asthma dutch Histamin ausgelost wird, 
als weiin man es dutch Anaphjdaxie hervorruft. Anderenseits 
hiilt die Erschwerung der Atmung bei anaphylaktischem Asthma 
langer an, als bei dem Histaminasthma, nachdem die Einatmung 
der Asthma bewirkenden Losung ausgeschaltet wurde. 

Die erste Frequenzsteigening kann man ■n'ahrscheinlich als 
eine Folgo der sich allmilhlich immcr mehr cntwickelnden Yer- 
engerung der Luftwege ansehen. Man darf amiehmen, dass sio 
entsteht, indem der Organismus den auftretenden Atmungs- 
ndderstand zu uberwinden sucht. Bei schwererer Stenoseatmung 
aber verhindert diese die Frcquenzerhohung, und die Frequcnz 
nimmt umgekehvt ab, u. a. infolge der YerUingerung der Ausat- 
mung. Wenn nach einem schwereren Asthma die Atmiings- 
behinderung nachlUsst, wird die Frequcnz nieder im gleichen 
Masse erhoht, wie sich die Enge der Atemwege vermindert. 
Dieser zweite Gipfel der Atemfrequenz wird wahrscheinUch auch 
dadurch verursacht, dass der Organismus eine grdssore Lungen- 
ventilation braucht, um den erhdhten Sauerstoffbedarf zu be- 
friedigen und um u. a. die Sauerstoffschuld zuriickzuerstatten. 
die vorher wahrend des Asthmas entstanden ist, wie es weiter 
unten geschildert werden wird. 

Die Sauerstoffaufnahme. Die Sauerstoffaufnahme ist bei leich- 
teren Atembeschwerden um 5 bis 20 % gesteigert. Diese Erho- 
hung kann wahrend des ganzen Yersuches andauern (Abb. 12) 
Oder auch nur wahrend einer liingeren Zcit (Abb. 11). Oft sieht 
man aber auch eine Steigerung nur im Beginn des Asthma-An- 
falles, bevor die Atmungsbehinderung allzu ausgesprochen wird 
(Abb. 10 und 13). Da die Erhohung der Sauerstoffaufnahme star- 
ker ist, als es der Steigerung der Kbrpertemperatur entspriiche, 
haben wir bei leichtem Asthma eine vergrbsserte aerobe Kalorien- 
produktion im Vergleich zu der Kalorienproduktion unter 
Standardbedingungen. Diese initiale Steigerung der Sauerstoff- 
aufnahme ist bei erhbhtem Sauerstoff-Gehalt im System deut- 
licher ausgepragt, als wenn das System mit atmospliiirischer 
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Abb. 9. Versuch vom 28. 3. 1940. Gesclilossenes Respirationssystem mit 
atmospharischer Luft. Gewicht des Versuchstieres 550 gr. Asthma durch 
5 “/ooige Histaminlcisung hervmrgerufen. 

Allgemeinzustand des Versuchstieres: Ruhig wahrend des ganzen Ver- 
suches. 

I. Rektaltemperatur in Grad Celsius. 

II. Hauttemperatur in Grad Celsius. 

III. Atemfrequenz pro Minute. 

IV. Grad des Asthmas. 

V. Sauerstoffaufnahme in cc pro Minute (reduziert). 

Abszisse: Zeit in Stunden. 


6 
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Liift gefiillt ist. In Abb. 9 sieht man daber nnr eine Andeutiing 
der initial vergrdssertcn Sauerstoffanfnahme, da in diesem Ver- 
such das System atmosphiivisclie Lnft enthielt. Manchmal beginnt 
das Asthma sehr rascU und wird bald zicmlich sclnvcr. In diesen 
Fallen findet man keine Steigerung der Sanerstoffaufnahme im 
beginn des Asthma-Anfalles (Abb. 8). 

Bei schwererem Asthma sinkt die Sanerstoffaufnahme immer 
nach einer gewissen Zeit, gleicligiiltig ob das System mit atmos- 
phlirischer Lnft oder mit 90 % Sanerstoff gefiillt wnrde. Dabei 
ist die Senkung bedeutend starker ansgesproclicn, wonn das 
System Lnft (Abb. 8 nnd 9), als nrenn es Sanerstoff cntliiilt (Abb. 
10 und 18). Bei erhohtem Sanerstoff-Gebalt im System kbnnen 
die Versuchstiere erheblich leichter ein sclnvcres Asthma ertra- 
gen. Die Herabsetzung der Sanerstoffaufnahme kann in Lnft. 
50 bis 75 % betragen, wahrend Hire Vermindernng bei entspre- 
chendem Asthma in Sanerstoff nur etwa 25 % ansmacht. 

In der Nachperiode verhalt sich die Sauerstoffanfnahme in 
verschiedenen Fallen different. War das Asthma leicbt und ging 
wahrend der ganzen Zeit mit einer nnbedentenden ErhOhnng der 
Sauerstoffanfnahme einher, so wird letztere in dem Angenblick 
wieder normal, in dem die Atmnng znr Norm zuriickkehrt. Man 
findet hier keine Erhohung der Sanerstoffaufnahme in der Nach- 
periode (Abb. 12). In manchen Fallen, besonders bei erhOhtem 
Sauerstoff-Gehalt im System, kann man bei etwas schwererem 
Asthma im ersten Teil der Nachperiode eine Steigerung der 
Sauerstoffanfnahme nm 20 bis 30 % sehen, obgleich letztere 
wahrend des ganzen Asthmas nm etwa 10 % tibor dem Normal- 
wert lag. Dies muss man wahrscheinlieh so deuten, dass die 
Erhohung der Sauerstoffanfnahme wahrend des Asthma-Anfalles 
doch nicht ausreichte, urn den Bedarf unter diesen Verhaltnissen 
zu decken. War das Asthma so schwer, dass die 4auerstoff- 
aufnahme wahrend des Anfalles unter den Standard-Wert her- 
abgesetzt war, so sieht man in der Nachperiode meist eine Erho- 
hnng der Sanerstoffaufnahme iiber die Norm. Die Vergrosserung 
der Sauerstoffanfnahme im ersten Teil der Nachperiode ist aber 
bei den verschiedenen Fallen sehr different. Manchmal iibertrifft 
so die Zunahme der Sanerstoffaufnahme in der Nachperiode mehr 
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Abb. 10. Versucli vbm 15. 3. 1940. Geschlossenes Respirationssystem mit 
87 % Sauerstoff. Gewicht des Versuchstieres 600 gr. Asthma durch 
2,5“/ooige Histaminlosung her%-orgerufen. 

Allgemeinzustand des Versuchstieres: Ruhig wiihrend des ganzen Ver- 
suches. 

I. Rektaltemperatur (Grad Celsius). 

II. Hauttemperatur (Grad Celsius). 

III. Sauerstoffaufnahme in cc pro Minute (reduziert). 

IV. Atemfrcquenz pro Minute. 

V. Grad des Asthmas. 

Abszisse: Zeit in Stunden. 

Oder Tveniger die Herabsetziing der Sauerstoffaufnahme -wahrend 
des Asthmas (Abb. 8, 9, 10 und 13). In anderen Fallen findet 
man keine deutliche Erhbhung der Sauerstoffaufnahme im ersten 
Teil der Nachperiode (Abb. 11). 

Das unterschiedliche Verhalten der Sauerstoffaufnahme in der 
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Nnchperiode bcruht aiif eincr Diffcrcnz zwischen den verschie- 
denen Versuchen, die sich vor allem in drei llichtnngen liewegl; 
Zum ersten beruht der SanersJoffvcrbrancb in der Nnchperiode 
darauf, ob wiihrend des Asthma-Anfalles cine Sauersfoffschuld 
entstanden ist, und Avcnn dies der Fall war, atif iiirer Grdsse; 
denn diesc Sauerstoffschuld muss in der Nnchperiode znn'ick- 
erstattet werden. Ferner kann die Sauerstoffaufnahine im ersten 
Teil der Nachperiode dadurch otwas becinfliisst werden, dass da? 
Blut wahrend des Asthma-Anfalles nicht mil Sancrstoff gcsUtfigt 
war. In diesem Fall wird ein Teil des im Anfang der Nnchperiode 
aufgenommenen Saucrstoffes dazu verbraneht, das Blut wieder 
mit Sauerstoff zu silttigen. Ein weiteror Faktnr von Bedcutung 
ist das Verhalten der Kdrpertcinpcratur in dor Nachperiode. 
Ist niimlich die Rektaltcmperatur im Beginn der Nachperioilc 
gesenkt und steigt wiihrcnd Ictzferer an, so nimmt infolge- 
dessen auch die Saucrstoffaufnahme zu; denn zur Erhdhung dor 
Kdrpertemperatur ist cine Verinehrung der Kalorienproduk- 
tion notwendig, vorausgesetzt, dass die Wiirmcabgahe un- 
veriindert bleibt. 

Der in Abb. 9 dargestellle Ycrsuch gibt einc Vorstcllung 
davon, wie diesc verschiedenen Faktoren die Saucrstoffaiif- 
nahme in der Nachperiode becinflussen konnon. In diesem 
Versuch steigt die Saucrstoffaufnahme nach dem schweren 
Asthma in wenigen Jlinuten von — 75 % auf + 25 % . Wiili- 
rend dieser Zeit veriindert sich weder die Kdrpertemperatur 
noch die Hauttemperatur dcs Versuchsticres. Man diirfte daher 
damit rechnen, dass die Zunahme der Saucrstoffaufnahme 
teils der Siittigung des vorhcr bestimmt nicht mit Sauerstoff 
gesattigten Blutes, teils der beginnenden Wiedererstattung der 
Sauerstoffschuld diente. Nimmt man an, dass die Sauerstoff- 
Sattigiing des arteriellen Blutes bei etwa 50 % lag, was man 
auf Grund des in Abb. 17 wiedergegebenen Versuches wohl 
mit Recht tun kann, oime in Gefahr zu sein, sich allzu weit 
von den tatsachlichen Verhiiltnissen zu entfernen, so wiirden 
5 cc Sauerstoff notwendig sein, um das Blut wieder vollkom- 
men zu sattigen. Dabei wurde die Blutmenge des Tieres auf 
50 cc geschatzt, und der Sauerstoffgehalt bei vollstUndiger 
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Abb. 11. Versucb vom 23.3.1940. Gescblosscnes Respirationssj'’stem mit 
ca. 90 % Saucrstoff. Gleiches Versucbstier wie in Abb. 10. Gewicht des 
Tiere.<j COO gr. Asthma durcli etwa 2,5 “/ooigc Histaniinlosung hervorgerufen. 
Allgemeinzustand des Versuchstieres: Das Tier sass wUhrend des Ver- 
sucbes bis zur Zeit 3 Std. 15 Min. ruhig, dann legte es sich auf die Seite 
und sab matt aus. Bis zur Zeit 8 Std. lag es schlapp auf der Seite, danach 
wurde es wieder frischer und versuchte, sich aufzurichten. 

I. Rektaltemperatur in Grad Celsius. 

II. Hautteraperatur in Grad Celsius. 

III. Sauerstoffaufnahme in cc pro Minute (reduziert). 

IV. Atemfrequenz pro Minute. 

V. Grad des Asthmas. 

Abszisse: Zeit in Stunden. 
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Siittigung auf 20 Volumen-Prozent. In der erstcn 10-Minuten- 
Periode wurde ctwa 20 cc mehr Sauerstoff aufgenommcn als 
unter Standardbedingungen. Die iibrigcn 15 cc Sauerstoff kbnn- 
ten dazu benutzt "sverden, mit der Wiedererstattimg der Sauer- 
stoffscluild zu beginnen, d. h. dass dieser Sauerstoff u. a. zur 
Resynthese eines Telles der ililchsilure dieute, die ^Yallrend der 
Anoxie gebildet wurde. Abb. 17 zeigt die Vermehrung der 
Milchsilure bei einem Versuch. 

Das Verhalten der Temperatur m’ihrerid 7md vach dem 
Asthma. 

Bei leicbtem Asthma steigt im allgcmeinen so^Yohl die Rck- 
tal-, wie die Hauttemperatur an, aber meist nicht mehr als 
etwa 0,5 Grad. In der Nachperiode sinken die Temperaturen 
wieder zur Norm. 

Bei schwerem Asthma sinkt die Rektal- und die Ilauttem- 
peratur um mehrere Grade. Die stiirkste Herabsetzung der 
Temperatur betrug in meinen Yersuchen etwa 3 Grad. Die 
Starke des Temperaturfalles wahrend des Asthmas beruht teils 
auf dem Schweregrad des Anfalles, teils auf seiner Dauer, 
Die starksten Temperatursenkungen wurden bei langdauern- 
dem Asthma gefunden. In der Nachperiode kehren im all- 
gemeinen die Temperaturen sicherer zum Ausgangswert zuriick, 
wenn das Asthma von kurzer Dauer war, als wenn es lange 
anhielt. Nach einem kurzdauernden Asthma steigen die Rektal- 
wie die Hauttemperatur ungefiihr gleich rasch an, und erreichen 
allmahlich wieder den Ausgangswert (Abb. 9). Nach einem 
schwereren und langer dauernden Asthma bleibt die Haut- 
temperatur oft langer erniedrigt als die Rektaltemperatur 
(Abb. 10). In manchen Fallen findet man, das« weder die 
Rektal- noch die Hauttemperatur zu den Normalwerten zuriick- 
kehren, auch wenn die Nachperiode auf 5 Stunden ausgedehnt 
wird. Besonders bemerkenswert ist es, dass der Temperatur- 
anstieg in der Nachperiode immer langsamer vor sich geht, als 
die Temperatursenkung wahrend des Asthma-Anfalles selbst. 
Dies Verhalten kann mbglicherweise dadurch erklart werden, 
dass ein Teil der produzierten Energie fur Resynthesen ver- 
schiedener Art angewendet wird. 
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Abb. 12. Versuirh vom 17. 2. 1943. Gcscblossenes Respirationssystem mit 
atniosj)h:iriseh(>r Luft, Gewicbt des Versuchstieres .”>20 gr. Asthma durch 
imv(irdiinnte.s Iloinoserum ausgelost (das Tier wurde im Dezember 1942 
seiisibilisiert). 

Allgcmeiiizustand des Versuchstieres; Ruliig wiihrend des ganzen Ver- 
suches. 

I. Rektaltcnii)eratur in Grad Celsius. 

II. und III. llauttcmperaturen in Grad Celsius. 

IV. Sauerstoffaufnahme in cc pro Minute (reduziert). 

V. Atemfrequenz pro Minute. 

VI. Grad des Asthmas. 

Ahszisse: Zcit in Stunden. 
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Abb. 13. Vcrsucb vom 30.4.1040. C!c?cb\of?()nc? Ur.'pjnitions^y.stcm nut 
ctwa 50 % Sauerstoff im System. Gewieht des Versuehstifres S''C». cr. 
Asthma clurch unvcrdHnntcs llomasemm aus<:cli>st (das Tier nnirdo 5m 
Februar 1940 sensibilisicrt). 

Allgemeinzustand des Vcrsuciisticres: Rubig u’.’ihrend des ganr.en Vcr- 
sucbes. 

I. Rektaltemperatur in Grad Celsius. 

II. Hauttcmperatnr in Gr.id Celsius. 

III. Sauorstoffauinabmc in cc pro Minute (reduziert). 

IV. Atemtrequcnz pro Minute. 

V. Grad des Asthmas. 

Abszisse: Zeit in Stunden. 

Die Beziehvngcn zxmschen Tcmpcraturverimlcrungcn uml 
Satierstoffaiifnalnne im Asthma. Die Warmcabgabc im Asthma. 

Es besteht ein intimer Zusamntenhang zwischen dem Schwerc- 
grad des Asthmas, der Sauerstoffaufnahme and den Veriinde- 
rungen der Rektal- und Hauttemperatur. So steigt hoi leichtem 
Asthma die Sauerstoffaufnahme, und die Temperaturen des 
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Yersuchstieres erhohen sich (Abb. 12). Bei scliwerem Asthma 
sinken der Sauerstoffverbrauch wie die Rektal- und Hauttem- 
peratur des Tieres (Abb. 9, 10, 11 und 13). Es ist bemerkens- 
wert, dass die Rektaltemperatur sinken kann, noch bevor die 
Sauerstoffaufnahme unter den Normalwert herunter gegangen 
ist (Abb. 10, Zeit 2 Std. 15 Min.). Wahrend des Asthmas gibt 
es zwar eine enorme Atmimgsarbeit, aber da keine ilussere 
mechanische Arbeit vom Organismus geleistet wird, so muss 
unter diesen Umstanden die gesamte Kalorienproduktion gleich 
der totaled Wjirmeproduktion sein. In diesem Fall kann daher 
7nc]if eine verminderte Warmeprodnktion die TJrsache der Tern- 
peratnrsenkiing sein, sondern letztere 7nuss aiif einer erhohten 
Wdr7neobgabe be7'77lien, falls nicht die anaerobe Kalorienproduk- 
tion herabgesetzt sein sollte. Dies anzunehmen, haben wir aber 
keinerlei. Veranlassung. Vielmehr durfte letztere bedeutend 
erhoht sein. Im Asthma steigt nilmlich der Milchsauregehalt 
des Organismus (siehe Kapitel V und Kapitel VI, Abschn. 3). 
In dem in Abb. 10 dargestellten Versuch ^Yar in dem betref- 
fenden Zeitpunkt die Hauttemperatur um einige Zehntel Grade 
erhoht. Dies trug zu der vermehrten Wiirme-Abgabe bei. Hierzu 
kommt noch ein anderer Faktor, der bestimmt eine grosse Be- 
deutung fur die Warme-Abgabe im Asthma haben durfte, nam- 
lich die Vermehrung der BeAvegungen vor allem des Thorax, 
aber auch anderer Korperteile. Durch die vermehrten Atem- 
bewegungen Avird die Wiirme-Abgabe durch Konvektion erhoht. 
Hiertiber schreibt Du Bois folgendes (1936j Seite 60): »Small 
currents of air may increase convection markedly so that there 
is a deviation from the rate of cooling calculated from NeAAdon’s 
laAv. Many of our calorimeter experiments have shoAvn that 
AA^hen a man is moving a little or A\dien the air is stirred by a 
fan he can lose increasing amounts of heat through his skin 
Avithout a rise in surface temperature and even AAuth a distinct 
fall. This explains the experiments and theories that had been 
adversely criticised by physiologists AAdio have forgotten the 
role of convection.^ Die Lungenventilation pro Minute ist bei 
scliAvererem Asthma vermindert. Eine Vermehrung der Warme- 
Abgabe kann daher auf diesem Wege nicht zu Stande kommen. 
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Dass die W;irinc-Abf:al)i; l«‘i di'm in Alib. 10 anj.'cffihrteri Fall vermehrl 
ist, dilrftc aucli aus dor folpendoii tO...-rH(ddafr?l>ererhntin^* hervo^rgidi^ii. 
Ich miichtc eino dcrartige Hcrechmmg niir init fiii'-r Ztirsiek- 

lialtuiig anfdhren; denn es ist iiiclit nifigUoli, tlie l aktoreri voilkomtiKTi zn 
ilberblicken, die auf eiiic solebo I'.orecbinirtg einwirketi kourtt'-n. Fb* kann 
ansserdeni notwcndigenveiFt.* niir npproximativ •fin, da in vfrrt’hif- 
dene Faktoren eingelie?i, deren exnktf rjribsf "a ir iin ^''^fbenen I all 
nicbt gonaii kennen. .So muss l)ciyidflsa-fiF{* in difsen 15. n'cbnnngfn die 
Rektaltcmiieratur die Korpertetiipf-rntiir ffprcsfiitifrcti. obglfiH! v.ir v.-if- 
sen, dass letztere in den verFchiedencn Teiien d>'F Kflrpcn- different i»t. 
Ferncr miisson wir rnit einein knlorisrhen Werl fbr den .''■an'T.-toff und 
eincr spezifiFchen W.'irine de? Ktirper? recbnen. die irn einzelnen k.'^lJ 
von den bier cingcFetzten Wert'-n de facto abweicben knnnten. F'd diefen 
iJeroehnvingen wnrdo aiicb keine Utlckficht atif folrlie \Vr.'indenif!g''n des 
Encrgic-Vorbrauchcf; im OrganiFinus gcnoimnen, die durcb f)?moti“-'be 
Wirkungcn (z. B. eine Voriinderiing der I'rinprndnktion) cnt^iieheri kfinn- 
ten. Man hat aber kamn eine begriltidele V('ranlas’'nng. r.n vennnten, 
dass in dcr Iclztgenannten I’.cziehnng w.Hbrend lie? Astbinrii^ v/f’-entliche 
Verlinderungen z-u stande kommcn. ikd diesen Obor..<cblr!grberecbnv.r.gen 
warden im Verlauf ibror Durcbftlbrung inebr Zahlen cingesetzt, all 
unbedingt signifikant sind: donn v,-cnn man in eineiii fridien Stadium 
der Bereclmung die Wcrle zn apj)roxiinativ nimmt. liUift man G*‘fahr, die 
mOglichen Felder zu vorgrO.«.sern. 

Zwischen den Zeiten 2.*' and 4.“ in dein in Abb. 10 dargestellten Ver- 
sach sank die Reklaltcmperatar des Versucbstien.'s von flT.o naf 
d. h. am 2,2 Grad. Filr diesc Pcriodc dtlrfte die MilteUftnperalur des 
Tieres aaf 30,8° gesclditzt werdcn. (Im allgemeitien warde als Mittei- 
temperatar das aritbmetiscbo Mittol aas dor im Beginn and am Scbius.' 
der Periode gemessenen Temperatar angesctzt. Die.F dOrfte in finer der- 
artigen Oberschlagsberccbnang als zulilssig angescben werden. Ein Felder 
von 0,1° in der bcrccbneteu Mitteltempcratar wUrde filr die lietreffcnde 
Periode in dem berecbneton Sauerstoffvcrbraacb anter Standardbeding- 
angen einen Felder von 0.r>j % vcrursachcn.) In der Vorperioile war die 
Temperatar des Versachstiercs 33,2°, gleicbzeitig betrag sein Saaersloff- 
verbraach 7,9 cc pro Minatc. Nacb Hf.mmikosex (1033) geht bei der Ratte 
eine Veriinderang der Korpertemperatar am 1° mit einer Vertindcnuig 
des Grand-Umsatzes am 6,& % einlier. Diese Zalden stimmen'mit den 
Wcrten tibcrein, die Knoon (1016, Seitc 143) am niind boob.aehtete (5 bis 
6 %). Man dlirfto daher berecbtigt sein, anzanebnum, dass die entspre- 
cbenden Werte fiir Meorschweincben in der gloieben GrOssonordmme 
liogen. Tan wir dies, so mtlsste im vorliegenden FaB die Saaerstoffaab 
nahme anter Standardbedingangen filr die Zcitperiodc 2." bis 4.“ sein: 
79 , 65.14 

’ == CC pro' Minute. Der Saucrstoffverbr.auch filr die 

ganze Periode miisste demnach 7,2 • 101 = 725 cc betragen. In IVirklichkoit 


7 , 9 -: 
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wTirden wilhrend dieser Zeit 692 cc aufgenommen. Demnach wurde in 
dieser Periode 33 cc weniger Sauerstoff aiifgenommen, als das Versuchstier 
imter Standardbedingungen hUtte aufnchmen sollen. Setzt man den kalori- 
schen Wert des Sauerstoffs mit 4,85 an, so entsprechen 33 cc Sauerstoff 160 
cal. In der betreffenden Periode besteht demnach in der aeroben Kalorien- 
produktion ein Defizit von 160 cal. Um die Korpertemperatur des Versuchs- 
tieres um 1° zu erhohen, ist cine Wlirmemengc von 600 • 0,83 • l,o = 498 
cal. notwendig, wenn man die spczifische Wilrme des Korpers mit 0,83 
ansetzt. Da im vorliegenden Fall ein Defizit von 160 cal. besteht, so 
miisste die KOrpertemperatur dementsprechend um 0 , 32 ° sinken, dies unter 
der Voraussetzung, dass die Wairme-Abgabe den Standardbedingungen 
entsprach und der Mangel in dor aeroben Kalorienproduktion nicht mehr 
Oder -vveniger durch cine vermehrte anaerobe Kalorienproduktion kom- 
pensiert wurde. Wio aber schon friiher angefilhrt, gibt es experimentelle 
Befunde, die dafilr sprcchen, dass wir unter diesen Bedingungen eine 
erhlditc anaerobe Kalorienproduktion haben. Fcrner wird wahrend des 
Asthmas ein Tcil des an das Hamoglobin gebundenen Sauerstoffs ver- 
braucht. Unter Beriicksichtigung dieser beiden -Fakta und weiterhin unter 
der Voraussetzung, dass die Wlirme-Abgabe unveriindert blicb, hUtte die 
Rektal-Temperatur um weniger als 0 , 32 ° sinken miissen. Tatsiichlich nahm 
aber stattdessen die Korpertemperatur um 2,2° ab. Dies Verhalten dUrfte 
am besten dadurch erklUrt werden, dass wiihrend des Asthmas eine ver- 
mchrto Wiirmeabgabe, wahrschcinlich dutch erhOhte Konvektion, erfolgte. 
Hierdurch kOnnte das im ersten Augenblick eigentumlich wirkende Ver- 
halten erklUrt werden, nUmlich dass wUhrend des Asthmas eine relativ 
geringe Vermindcrung der Sauerstoffaufnahme zu einer relativ starken 
Herabsetzung der Rektaltemperatur filhren kann (Abb. 10 und 13). 

Ein entsprechendes Verhalten sehen wir in dem in Abb. 9 wieder- 
gegebenen Versuch. Im Ubrigen untcrscheiden sich die beiden genannten 
Versuche in mehrfacher Hinsicht von einander. Bei dem Versuch in Abb. 
9 handelt es sich um ein sehr schweres, aber kurzdauerndes Asthma in 
atmosphiirischer L'uft, bei dem Versuch in Abb. 10 um ein weniger schwe- 
res, aber liinger dauerndes Asthma in einer Atmosphiire mit erhohtem 
Sauerstoff-Gehalt. FUhren wir auch hier in gleicher Weise, wie fUr den 
Versuch in Abb. 10, eine Uberschlagsberechnung dutch, so ergibt sich 
folgendes: Der Sauerstoffverbrauch des Versuchstieres ist in der Vor- 
periode 7g) cc pro Minute, die Korpertemperatur gleichzeitig etwa 37,7°. 
In der Zeit 2 Std. 30 Min. bis 2 Std. 48 Min. sank die Rektaltemperatur 
von 37,00° auf 36,70°. Als ^litteltemperatur fiir diese Zeit ergibt sich etwa 
37,18°. Unter Standardbedingungen miisste daher der Sauerstoffverbrauch 

7,5 . 6,5 . 0,52 

des Versuchstieres in dieser Zeitperiode betragen: 7,6 = 

7,25 cc, Oder etwa 131 cc fiir 18 Minuten. In Wirklichkeit nimmt aber 
das Versuchstier in dieser Zeit nur 77 cc auf. Das Tier hat also in der 
fraglichen Zeitperiode 54 cc weniger Sauerstoff aufgenommen, als unter 
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.StiindnnlbfHlinniiiiKi'n. Db'^ cntsiiriflil niii-in Di-fi/i'. von K:itori“n in 
ilor acrobo.n Kulorionurodnktion. N'imint man forncr in -rloicluT V,'. i«.- 
wie friiher an. (las.‘; (Ii(! Wilniio-Ab’rabo •i.;r iiiit'T SiamJariUn .lin^'nn^o-n 
entsiirac.h. so hiitto die ToniiicraHir d.-s Vor.MKdoliffo.-- atif Crntid dt-r 

Verminderuns' dor aorohcn Kalnrifiiprodiiktioii tiin (irad 


sinken nuisson. Win abnr liiT(‘its \vidt<‘r (dc.-n Itftont. darf man mil Ibcfit 
annohim.'n. dass die llfralisidxnnir dor ai*r(d>cii Kalorictiproilnktion Wf-ni^'- 
stcns zu oiimin powissmi Toil ditrch oino I'.rliolmim' <1‘T anaorolo'n Ka- 
loricn]iroduktion koiniionsiort wird. l)io Toini'oratiir mu'-.-lo dalmr nni 
wcnif^er als O.r.T Grad sinken. In Wirkliohkoit liotrO” akor dor TosniO'ra- 
turfall O.s-i Grad. Dies ddrfte in ('horoinslimmnno mil doim v,;i> srlion 
friiher ausoefiilirl \vurdt‘. wahrscln'inlich inindosien^ znin 'loi! daranl 
l)oruIien, dass die Wiirnie-Aitoabo wiiliroiid ilo» A^tlmia' orln'dit wnrdo. 
Ilier ist aber infol^e dor malirond dor fratrlii.-bon .'\,>.thmai)i-rifnlo stark 
burab}icseV/.ten Sanerstoffanfnalimo dor rntor.'-obiod rwisoboji dor in dor 
Honannten Weise lienadinoten und ilo-r tal.-iioldicb trofnndonott SonksiiiK 
dor Tcmpcratur bcilentend klciner als in doin in ,\bb. Id daroo-ti lison 
Versuch. 

Din enlsprediondes Yerballon fimb'n wir anch in .niidoron Vor.-noln-i!. 
so beispiclswcisc in dem in Abb. I'.l wioderirojrvbenon Vorsueli. Ilior sank 
die Teinperatur utn .'F. wahro.nil dor ans dein Sanor.-toffdolizit boroehneto 
Temperatiirfall ctwa l.m'-’ betrafion mfissto. In inanoliori Vorstiebon alwr, 
in denen die Saucrstoffaufnalinie wiihrend oinor lanooii ’/.oh .st.nrk herab- 
fCesctzt war. kann man aneli findon. dass <lio tats-iobliehe Tompomlnr* 
senkunfs klciner ist, als die bor<;cbnote. Dios szilt Kir don in Abb. i.'i 
wiedorgcgcbcncn Ver.sucb. In dicsem Versncli sank <iio llektaltonipor.'s- 
tiir urn 2,2°, wiihrend man auf Gnind des .‘^anor.stoffdefizit.s oinon Tom- 
pcratnrfall nm ctwa .3° hiitte erwarton durfmi. lliorzn ist allording.' zti 
boniorken, dass in diescni Versuch der t=aiu>rstotfvorbrauch whbrond dor 
Vorperiode aiiffallend liocb war; das Verstidistior bofand sich also 
nuiglicherweise niclit nntor Slandardbcdingtmgen. was dio Henrteihing 
cnsdiwert. Man miisste in dicsem Fall wohl annebmen. dass ii.a. cine 
sehr starke anaerobe I\aloricnprodnktion dem Absinktm dcr Tcmpcralnr 
entgegenwirkte. (Nach Angaben in dcr Litcratur (.siehe Nrxuu.\«. 
geht die Bildung von eincm Gramm MUdisaurc mit cinor totalcn Kaloricn- 
produktion yon 3')0 cal. einber.) Ferncr muss in dicsem Vcr.-^ndi die 
Wilrme-Abgabe durch Konvektion bedentend kleiner gewosen seiii. .als 
in dem in Abb. 10 wiedergegebenen Versuch. Denn in dem Ver.«neh dcr 
Abb. 23 war die Hauttemperatnr wiihrend des grdssten Teiles des Astiuua- 
Anfalles gesenkt, wiihrend sic in. dem Versuch von Abb. 10 w-ilirend des 
.A.slhmas grosstenteils erbohl war. 

In der Nachperiode nach einem schwereren Asthma. wUhrend dessen 
die Temperatur gesenkt war, linden man eine Temperatursteigerum' 
Bereits friiher wurdc betont, dtiss im allgcmeinen dio Tcniperaturerhohmn^ 
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pro Zeiteinhoit durcligchend geringcr ist, als die Herabsetziing der Tem- 
peratur wJdirend des Asthmas. Wenn man eine tJberschlagsberechming 
iihnlichcr Art durehfilhrt, wic fiir die Verhiiltnisse wahrend des Asthmas, 
so findet man, dass die Temperaturerhbhung in der Nachperiode in der 
Regel geringer ist. als man nach der gemessenen Sauerstoffaufnahme 
erwarten sollto. Es soli hier nur ein Beispiel angefiihrt werden, das 
dieses Vcrhaltcn bcdcuchtet. 

Es muss aber klar ausgesprochen werden, dass es schwieriger als 
fiir die Verhiiltnisse wiihrend des Asthmaanfalles selbst ist, einigermassen 
sichere SchUisse aus einer Eberschlagsberechnung iiber die Verhiiltnisse 
in der Nachperiode nach einem schwereren Asthma zu ziehen. Dies 
geht aus Folgcndem hcrvor: In dor Kegel sinlct, wie oben erwiihnt, die 
Rcktaltemperatur im Asthma stiirkcr, als man nach der Herabsetziing 
der aeroben Kalorienproduktion erwarten wilrdc. Berechnet man in der 
oben angcgebenen Weise die Differcnz zwischen der tatsiichlich gefun- 
dcnen und der crwarteten Tcmpcratursenkiing, so muss man sagen, dass 
diese Diffcrenz zu klcin ist; denn der Hcnabsetzung der aeroben Kalorien- 
produktion, die der Bcrcchnung zu Grunde liegt, wirkt cine Steigerung 
der anaeroben Kalorienproduktion mehr oder weniger entgegen. In der 
Nachperiode aber steigt in dor Regel die Rektaltemperatur weniger, als 
man nach dcr Erhohung der aeroben Kalorieniiroduktion erwarten sollte. 
Der Unterschied zwischen der berechneten und der gefundenen Tem- 
peratursteigerug ist zu gross; denn ein Toil der Energie wurde durch 
die Rcsynthesc von Glykogen gcbimden, und konnte daher nicht Wiirme 
bilden. 

Bei der Analyse dioser Verhiiltnisse in den Versuchen, die in Abb. 9 
wiedergegeben sind, ist es am zweckmiissigsten, die erste Nachperiode 
nach dem Asthma-Anfall in mehrere kleinere Perioden aufzuteilen. Auf 
diese Weise lassen sich die Verhiiltnisse in Bezug auf die Wiirme-Abgabe 
leichter beurteilen. Als erste Periode wiihlen wir die Zeit von 2 Std. 
uO Min. bis 3 Std. 30 Min. Wiihrend dieser Zeit ist die Atemfrequenz 
erhoht, und mit Riicksicht auf die Resultate, die im nilchsten Kapitel 
besprochen werden, kiinnen wir mit Recht vermuten, dass auch die 
Lungenventilation erhoht ist. Beide Veriinderungen bewirken eine Ver- 
mehrung der Wiirme-Abgabe. Was die Frequenzerhohung betrifft, so ruft 
diese durch vermehrte Konvektion cine Steigerung der Wiirme-Abgabe 
hervor. Wir diirfen aber voraussetzen, dass diese durch erhOhte Kon- 
vektion bewirkte Vergriisserung der Wiirme-Abgabe hinter der wiihrend 
des Asthmas zuriickbleibt. Die Atemziige sind jetzt in der Nachperiode 
zwar beschleunigt, aber klein und gleichmiissig, zum Unterschied von 
den vertieften und erschwerten Atemzugen wiihrend des Asthma-Anfalles. 
Was die Steigerung der Lungenventilatiob betrifft, so kOnnen wir unter 
Hinweis auf die Versuchsergebnisse des nilchsten Kapitels annehmen, dass 
bei Tieren von der GrOsse, wie sie im allgemeinen fiir Respirations- 
versuche angewendet werden, die Mehrventilation in der ersten Nach- 
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periode etwa 100 cc pro Minute betrdgt. Die Erhohung der Wiirme- 
Abgabe, die hierdurch zu Standc kommt, kann infolgedessen fUr die 
herrschenden Versucbsbedingungen ungefilhr geschiltzt werden. Im 
Respirations-Apparat ist die Luft bei etwa 32° Temperatrir praktisch 
genominen nut Feuchtigkeit gesiittigt. Das Versucbstier atmet eine mit 
Feuchtigkeit gesiittigte Luft von etwa 38° aus. Die Wasscrmenge, die auf 
diese Weise das Tier in Form von Wasserdanapf verlKsst, betriigt etwa 
0,013 gr pro Liter. Dies entspricht einem Wlirmeverlust durch Wasser- 
abdunstung in Hbhe von 0, oi 3 • 586 = ca. 8 cjil. pro Liter Mehrventilation. 
Ausserdem verliert das Tier WUrme durdi die Erwiirmung der vermehrten 
Ausatmungsluft und durch die gesteigerte Kohlcnsfiure-Ausschcidung im 
Beginn der Nachperiode. Diese beiden Faktoren sind aber vergleichs- 
weise klein, im Verhilltnis zu den Wilrmemengen, die den Organismus 
durch Wasserabdunstung verlassen. In dicser Teilperiode diirfte dem- 
nach die Wiirme-Abgabe vermehrt sein, verglichcn mit den Verhilltnissen 
unter Standardbedingungen. Als niichste Teilperiode der Nachperiode 
wilhlen wit die Zeit von 3 Std. 30 Min. bis 4 Std. 10 Min. In dieser 
Periode ist die Atemfrequenz normal. Wir diirfen daher annehmen, dass 
die Wkrme-Abgabe der unter Standardbedingungen entspricht. 

In der ersten Teilperiode, nllmlich in der Zeit von 2 Std. 50 Min. bis 
3 Std. 30 Min., stieg die KOrpertemperatur von 36,75° auf 37,10°. Die 
Mitteltemperarur fiir diese Periode darf daher mit 36,oc° angesetzt werden. 
Der Sauerstoffverbrauch unter basalen Bedingiingcn liiitte demnach in 


dieser Periode betragen sollen: 7,r> 


7,5 • 6,5 • 0,74 

Too 


= 7,14 cc pro Minute, 


also wahrend 40 Minuten 285 ,g cc . In Wirklichkeit nahm das Versucbstier 
wUhrend dieser Zeit 342,5 cc Sauerstoff auf. Es atmcte also 56,9 cc mehr 
ein, als es unter Standardbedingungen hiitte tun sollen. Dies entspricht 
einer Kalorienmenge von 56,9 • 4,85 = 276 cal. WUhrend der betreffenden 
Periode stieg die Temperatur um 0,4i Grad. Hierfiir wurden gebraucht: 
550 • 0,41 • 0,83 = 187 cal. Der Dberschuss betriigt demnach etwa 90 cal. 
Diese 90 cal. durften dazu benutzt werden, u. a. die Jlilchsiiure zu resyn- 
thetisieren, die wahrend des vorhergehenden anoxaemischen Zustandes 
gebildet wurde, das ungesiittigte Blut wieder mit Sauerstoff zu siittigen 
und vermehrt Wlirme abzugeben. Es ist bemerkenswert, dass demnach 
niir ein Teil dieser 90 cal. zur Resynthesc der MilchsJiurc vorwendet 
werden kann. Damit nicht die totale Kalorienproduktion wiihrend des 
Asthmas in dem betreffenden Versuch sinken sollte, wiire eine anaerobe 
Kalorienproduktion von etwa 260 cal. erforderlich. Diese Diskrepanz 
kdnnte moglicherweise dafiir sprechen, dass in dem betreffenden Ver- 
such die totale Kalorienproduktion w’ahrend des Asthmas erniedrigt war. 

W.’ihrend der zweiten Teilperiode, niimlich von 3 Std. 30 Min. bis 
4 Std. 10 Min., stieg die KOrpertemperatur von 37 ,ig° auf 37,32°. Als 
Mitteltempcratur konnen daher fiir diese Periode 37.24 Grad ann-'esetzt 
werden. Der Sauerstoffverbrauch musste in dieser Periode unter basalen 
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Bedingungen 7,28 cc pro Minute Oder 291 cc wdhrend der 40 Minuten 
betragen. In Wirklichkeit wurden in dieser Zeit 311,6 cc Sauerstoff auf- 
genommen. Das Versuchstier hatte also 20,6 cc mehr eingeatmet als 
unter Standardbedingungen. Dies entspricht etwa 110 cal. Die Tempera- 
tur stieg wiihrend dieser Zeit iim 0,16 Grad. Hierfur sind etwa 73' cal. 
erforderlich. FUr die Riickerstattung der Sauerstoffschuld steht also nur 
ein Dberschuss von ca. 27 cal. zur Verfiigung. Dieser Wert ist aber so 
klein, dass er innerlialb der Feblergrenzen der Methodik liegt. Es ist 
daher mOglich, dass die gesamte Steigerung der Sauerstoffaufnahme tiber 
die Standardwerte hinaus in dieser Periode fUr die Erhohung der Korper- 
temperatur angewendet wurde. Die Sauerstoffschuld mtisste- in diesem 
Fall bereits wiihrend der vorhergehenden Periode vollkommen zuruck- 
erstattet sein. 

Aus den obigen Berechnungen kOnnen folgende Schlilsse gezogen 
werden: 1.) Bei sclncererem Asthma sinht die Korpertemperatur hSufig 
mehr, als es der Verminderung der Sauerstoffaufnahme entsprechen 
wiirde. Dies kann vermutlich am hesten so erkldrt werden, dass die 
Wdrmeabgabe vor allcm durch vermehrte Konvektion erhoht ist. 2.) Der 
grosste Teil des Sauerstoffverbrauches in der ffachperiode wird wahr- 
scheinlich fiir eine Erhohung der Korpertemperatur angewendet. 

Bevor die in diesem Kapitel gewonnenen Versuchsergebnisse 
zusammengefasst werden, ist es notwendig, kurz einige der 
Angaben zu berlihren, die in der Literatur iiber Veranderungen 
der Sauerstoffaufnahme und der Kbrpertemperatur nach der 
Injektion von Histamin vorliegen. Ferner ist es notig, kurz auf 
die Angaben einzugehen, die die Einwirkung der Kohlensaure 
auf die Sauerstoffaufnahme betreffen. Denn bei schwerem 
Asthma mussen wir mit einer Erhohung der KohlensSuretension 
im Organismus rechnen (siehe Kapitel VI, Abschn. 2). 

Nach Abelin (1922) hat Histamin, Ratten von etwa 125 gr Gewicht 
subcutan injiziert, bis zu Dosen von 20 mg keinen sicheren Effekt auf 
den Gaswechsel. Kxipping und Steiger (1929) zeigten, dass kleine Dosen 
von Histamin (1 bis 3 mg) beim Hund keine VerUnderung des Sauerstoff- 
verbrauches bewirken. Grossere Dosen (15 bis 30 mg) erhohen die Sauer- 
stoffaufnahme erheblich. Eppinger, L.azlo und SciiOrmeyer (1928) zeigten 
an narkotisierten Hunden, dass der Sauerstoffverbrauch in der ersten 
Zeit nach der Injektion von Histamin, gleichzeitig mit der Blutdruck- 
senkung, erniedrigt wurde. Mit dem Verschwinden der Blutdrucksenkung 
wurde die Sauerstoffaufnahme erheblich iiber die Norm hinaus erhoh't. 
Die Verfasscr nehmen an, dass die VerSnderungen im Sauerstoffverbrauch 
durch die Zirkulations-Veranderungen yerursacht werden, und dass sie 
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nicht auf einer spezifisclien Wirkung des Histamins aut den Stoffwcchsel 
beruhen.- Beim Menschen wurde in dcr l^egcl nacli der Injektion von 
Histamin cine unbedeutende Erhohung des respiratorischcn Gasweclisels 
gefunden (u. a. v. Euler und Lil.iestrasd, 1929). 

Beziiglich der Veriinderungcn der KGrpertempcratur nach der Injektion 
von Histamin stimmen die Literaturangaben nicht vollkominen iibcrein. 
Die meisten Verfasser berichten von einer Senknng der KiiTpcrtemperatur 
nach grbsseren Dosen und von dem Fehlen jeglicher Wirkung nach kleine- 
ren Dosen (u. a. Leschke, 191B). Es miisste demnach ein Unterschied 
zwischen kleinen Histaniindosen und kleinen Antigenmengen bestehen, 
indcm nur die letzteren cine leichtc Tcmperaturerhbhung bewirken 
kOnnten. 

In der Literatur liegcn verschicdene Angaben dariiber vor, dass cine 
Erhbhnng der Kohlensiuirespannung in der Einatmungsiult den Sauer- 
stoffverbrauch herabsetzt (u. a. IltziiOveu, 1920, Gesell und Mitarbeiter, 
1930, Rein, 1936, Rein und Otto, 1940). 

Rein zeigte, dass bei Menschen und Hundcn die Einatmung eines 
Ivohlensaure-Luftgemisches, das 0,5 bis 6 % KohlcnsUure enthielt, cine 
Senkung des Gesamtsauerstoffverbrauchcs bewirkte, die bis zu 20 % des 
Sauerstoffverbrauches unter Standardbcdingungen gehen konnte. 

Wie schon friiher hetont, wurden iieim cxperimentellen 
Asthma prinzipiell die gleichen Veriinderungen der Saiiorstoff- 
aufnahme und der Korpertemperatur gefunden, gleichgliltig oh 
das Asthma durch Histamin Oder auf allergischem Wege aus- 
gelost wurde. Ferner zeigte sich immer, dass zwischen dem 
Grad der Atmungsbehinderung und der Grdsse der Sauerstofl- 
aufnahme ein intimer Zusammenhang besteht. Sobald die 
AtmungserscliAverung aufhort, erhoht sich beinahe momentan 
die Sauerstoffaufnahme (wie in Abb. 3). Man diirfte daher mit 
Recht annehmen, dass die gefundenen Veriinderungen der 
Sauerstoffaufnahme (und damit auch die der Korpertempera- 
tur, denn letztere zeigt einen intimen Zusammenhang mit der 
Sauerstoffaufnahme) die Folge der Atmungsbehinderung sind, 
und nicht durch resorptive Wirkung der Asthma-auslosenden 
Stoffe veiursacht werden. Hach den oben angefiihrten Angaben 
der Literatur, betreffend die Einwirkung von Histamin auf den 
Gaswechsel, konnte man sich aber mbglicherweise denken, dass 
die Erhohung der Sauerstoffaufnahme, wie sie bei leichtem 
Asthma vorkommt, zum Teil durch die steigernde Wirkung 
verursacht sein kbnnte, die Histamin auf den Gaswechsel aus- 
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xibt. Andererseits ist es moglich, dass die Erhohung der Kohlen- 
saiirespannimg im Organismus wahrend des schweren Asthmas 
zu der Herabsetzung der Sauerstoffaufnahme beitrug. Die 
wichtigste Ursache der letzteren diirfte aber die Erschwerung 
des Gasaustausches in den Lungen sein, da das arterielle Blut 
im schweren Asthma nicht mit Sauerstoff gesattigt wird, wie 
axis den Ansfiihrungen in Kapitel V hervorgeht. 

Ziisamme7ifassung. 

Die "wichtigsten Resultate, die in diesem Kapitel gewonnen 
wurden, konnen folgenderweise zusammengefasst werden: hn 
leichten experimentellen Asthma des Meerschweinchens steigt 
die Sauerstoffaufnahme um 10 bis 20 %. Gleichzeitig erhoht 
sich die Rektal- und Hauttemperatur der Versuchstiere. Bei 
schwerem Asthma sinken die Sauerstoffaufnahme wie die Rektal- 
und Eautteniperatur der Versuchstiere erheblich unter die in der 
Vorperiode gefundenen Werte. Das Atismass der Verminderung 
der Sauerstoffaufnahme bei scfnceretn Asthma ist in hohem Grad 
abhdngig von der Atmosphdre, in der sich das Tier befmdet. 
Die Abnahme ist in einer sauerstoffreichen Atmosphdre bedeu- 
tend geringer. In der Nachperiode nach eine}7i leichten Asthyna 
sinken die Sauerstoffaufnahme und die Kdrpertemperatur wieder 
auf die Ausgangswerte. In der Nachperiode nach einem schwe- 
ren Asthma, icdhrend dessen die Sai/erstoffaufyialnne vennindert 
war, ist dagegen die Sauerstoffaufnahme meist erhoht. Wahrend 
der Nachperiode steigt in diesem Fall auch die Rektal- und die 
Hauttemperatur der Versuchstiere allmahlich an, und erreicht 
in der Regel den Ausgangswert. Die erhohte Sauerstoffaufnahme 
in der Nachperiode nach einem schweren Asthma diirfte zur 
Wiedersattigung des ungeniigend gesattigten Blutes, zur Wieder- 
erstattung der Sauerstoffschuld und zu einer Steigerung der 
Kdrpertemperatur verwendet werden. Der grdsste Teil der Mehr- 
aufnahme von Sauerstoff diirfte zur Erhohung der Kdrpertem- 
peratur dienen. 

Da die Rektaltemperatur meist den Schwankungen der Sauer- 
stoffaufnahme folgt, diirfte man mit Recht annehmen, dass die 
Veranderungen in der Kdrpertemperatur der A^'ersuchstiere zum 
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grossten Teil durch die Veranderungen der Sauerstoffaufnahme 
bedingt werden. 

Bei leichterem Asthma ist die aerobe Kalorienproduktion 
etwas erhbht. Bei schwererem Asthma dagegen ist die aerobe 
Kalorienproduktion vermindert. Inwieweit aucli die totale Ka- 
lorienproduktion herabgesetzt ist, Iksst sich nicht sicher ent- 
scbeiden, Tvenn auch gewisse auf Grund der Versuchsergebnisse 
durchgefiibTte Berechnungen moglicherweise hierfur sprechen 
diirften. Die Entscheidung dieser Frage beruht namlich darauf, 
ob die Verminderung der aeroben Kalorienproduktion vollkom- 
men durch eine Erhohung der anaeroben Kalorienproduktion 
kompensiert werden kann, (Dies konnte durch direkte Kalori- 
metrie entschieden werden, mittels deren die totale Warme- 
Abgabe des Versuchstieres bestimmt werden konnte. Da die 
Veranderungen der Kbrpertemperatur der Versuchstiere bekannt 
sind, konnte darnach die totale Kalorienproduktion berechnet 
werden.) 

Die Temperatursenkung, die bei schwererem Asthma zu be- 
obachten ist, diirfte mindestens zum Teil durch eine vermehrte 
Warme-Abgabe verursacht sein, vermutlich durch erhohte Kon- 
vektion. Dieser wird aber durch die in der Regel gleichzeitig 
gesenkte Hauttemperatur mehr Oder weniger entgegengeAvirkt. 
Inwieweit die Senkung der Korpertemperatur bei einem Teil der 
Falle auch auf einer Herabsetzung der totalen Whrmeproduktion 
beruhen kann, Ihsst sich auf Grund des vorliegenden Materials 
nicht sicher entscheiden. 


KAP. V. 


Yersuche mit der Douglas-Methode. 

Die Versuche in diesem Kapitel wurden vor allem in der 
Absicht durchgefiihrt, die Veranderungen der Lnngenventilation 
und des respiratorischen Quotienten zu untersuchen, die wahrend 
des Asthmas auftreten. Auch hier konnte kein prinzipieller 
Unterschied zwischen dem Histamin-Asthma und dem anaphylak- 
tischen Asthma konstatiert werden. 

1. Versuche ohne Narkose. 

Die Ausfuhrung dieser Versuche war mit gewissen Schwierig- 
keiten verkniipft, da die Versuchstiere, wahrscheinlich wegen 
der Zwangshaltung mit fixiertem Kopf, die Behinderung der 
Atmung und den Sauerstoffmangel schlecht vertragen. Die Ver- 
suche lassen sich besser durchfuhren, wenn die Tiere ein sauer- 
stoffreicheres Luftgemisch einatmen. Aber selbst dann vertragen 
sie kein so schweres Asthma, wie im geschlossenen System. In 
gewohnlicher atmospharischer Luft halten sie nur ein raittel- 
schweres Asthma aus. Ein prinzipieller Unterschied zwischen 
der Stenoseatmung in atmospharischer Luft und der in einer 
sauerstoffreicheren Atmosphare ist im iibrigen nicht festzustellen. 
Das gilt ebenso fiir das durch Histamin wie fiir das auf aller- 
gischem Wege ausgeloste Asthma. 

Die Ateinfrequenz. In der Regel steigt die Atemfrequenz an, 
sobald das Asthma einsetzt. Im w'eiteren Verlaufe des Asthmas 
verhalt sich die Atemfrequenz etwas verschieden, im allgemeinen 
ist aber die Frequenz bei leichterem Asthma starker erhbht, als 
bei schwerem Asthma. In diesen Versuchen sinkt die Atem- 
frequenz wahrend des Asthmas nicht unter die Normalwerte, 
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Abb. 14. Yersuch vom 18. 11. 1940. Offenes Respirationssystem. Gewicht 
des Versuchstieres 760 gr. Das Tier atmete atmospharisclie Luft ein. 
Das Asthma wurde durch unverdiinntes Homoserum ausgelost. Das 
Versuchstier wurde im April 1940 sensibilisiert. 

Allgemeinzustand des Tieres; Rubig wahrend des ganzen Versuclies. 

I. Rektaltemperatur in Grad Celsius. 

II. Atemfrequenz pro Minute. 

III. Grad des Asthmas. 

IV. Respiratorischer Quotient. 

Y. Lungenventilation in cc pro Minute (reduziert). 

YI. Sauerstoffaufnalime in cc pro Minute (reduziert). 

Abszisse: Zeit in Stunden. 
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Abb. 15. Verpuch vom 29. 11. 1940. Offenes Re.spirationssystem. Gewicht 
<le.s Versuchstieres 560 ^r. Das Tier atmote atraosphilrische Luft cin. Das 
Asthma wurde dtirch 0,.'> “/onige Histaniinliisung hervorgerufen. 
Allgemeinzustand des Tieres: Ruhig. 

I. Rektaltcmperatur in Grad Celsius. 

II. Atemfrcquenz pro Minute. 

III. Atemvolumen (Volumen des einzelnen Atemzuges) in cc (reduziert). 

IV. Grad des Asthmas. 

V. Resi)iratorischer Quotient. 

VI. Lungenventilation in cc pro Minute (reduziert). 

VII. Sauerstoffverbrauch in cc pro Minute (reduziert). 

Abszisse: Zeit in Stunden. 
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wie es bei donen im troschlossenen System dcr Fall war. Dies 
diirfte, wie oben erwilhnt, darauf bonilicn, dass mit dieser 
Methodik die .sclnver.sten Astbma-Formon tiicht imtcrsuchl wer- 
den konnten. In der Nachperiode nach den ieichtes'len Asthma- 
Formcn sinkt die Atemfrerjuenz allmablich wieder zur Norm 
(siehe Abb. 14). In der Naebperiode nach einem etwas sebwe- 
reren Asthma stcigt die Atcinfreqnenz moist im gleichcn Masse 
an, wie die Atmung leichter wird. Dicse Frcrinenzerholuing 
kommt gut in Abb. 15 znm Ausdnick; wir sohen dort in der 
Nachperiode einc weitcre Steigerung der Atcmfrcrpienz, die sich 
bereits wilhrcnd des ganzen Asthmas anf einem hohen Niveau 
gehalten hatte. 

Die Limqenventilation. Die Lungcnvcntilation pro Minute 
betragt bei Mecrschweinchen von ctwa 000 gr Gewicht ca. 
300 cc pro Minute (reduziert). Die Lungcnvcntilation pro Minute 
wird bei leichtcrem Asthma grosser (Abb. 14), lici schwererem 
Asthma kleiner (Abb. IG). Zw'ischen diesen beiden Extremen 
gibt es alle Cbergilnge. So veriindert sich in Abb. 15 die Lungen- 
ventilation kaum. In der Nachperiode nach einem leichten Asthma 
sinkt die Lungenventilation wieder zur Norm ab (Abb. 14). In 
der Nachperiode nach einem schwereren Asthma, dagegen linden 
wir eine erhebliche Erhohung der Lungenventilation, die erst 
allrndhlich wieder zu normalen Werten zuriickkehrt (Abb. 15 
und 16); 

Die Sm(erstoffanf7iahme. Der Sauerstoffverbrauch von Meer- 
schweinchen der Grdsse, wie sie in der Regel filr die Yersuche 
verwendet wurden (etwa 500 bis 600 gr), betragt ca. 8 cc pro 
Minute (reduziert). UngefUhr der gleiche Wert wurde in Kapitel 
IV mit der geschlossenen Respirationsmethode gefunden. 

Die Sauerstoffaufnahme ist bei leichterem Asthma hdufig um 
10 bis 20 % erhoht (Abb. 14).^ Bei schwereren Asthma-Formen 
findet man dagegen eine Senkung der Sauerstoffaufnahme. Dies 


‘ Die Erhohung der Sauerstoffaufnahme ist demnach bei leichterem 
Asthma nicht gross. Es hesttlnde daher die Moglichkeit, dass e.s sich nur 
um Zufallsbefunde handein konnte. Man kann die Wahrscheinlichkeit 
Btatistisch berechnen, oh die Erhohung der Werte in einem bestimmten 
Versuch nur auf einem Zufall beruht. Zu diesem Zweek benutzte ich die 
folgenden Formeln zur Berechnung des Grades der Signifikanz in der 
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geht aus Abb. 16 hervor. In diesem Versuch war die Senkung 
am deutliclistcn gegen Ende der Asthmaperiode, wahrend gleich- 
zeitig die Atmungsbehindenmg selbst etwas weniger ausge- 
sprochen war, als im Anfang der Periode. Dies muss wahrschein- 
lich so erkljirt werden, dass nicht nur die Stenoseatmung seibst, 
sondern auch andere Veriinderungen in den Lungen den Gasaus- 
tauscli erschweren. iMan sieht hilufig, dass der ScliAveregrad des 
anaphylaktischen Asthmas im Verlaufe des Versuches abnimmt, 
obgleich die Konzentration des inhalierten Antigens unverandert 
blieb. Bei der Inhalation von Histamin kann man ein derartiges 
Yerhalten nicht beobachten. 

In der Nachperiode nach einem leichteren Asthma geht die 
Sauerstoffaufnahme wieder zur Norm herunter (Abb. 14). In der 
Nachperiode nach einem schweren Asthma findet man dagegen 
eine deutliche Steigerung der Sauerstoffaufnahme iiber die fiir 
Standardbedingungen geltenden Werte (Abb. 16). 

Der resphatorisc/ie Quotient. Der respiratorische Quotient ist 
bei Atmung von atmosphUrischer Luft etwa 0,7f) bis 0,75. 

Bei leichterem Asthma steigt der respiratorische Quotient 
gleichzeitig mit der Erhohung der Lungenventilation etwas an. 
In der Nachperiode sinkt der respiratorische Quotient wieder 
auf seinen Ausgangswert (Abb. 14). 


Differenz der Mittelwerte kleiner Versuchsserien, die Fisher (1936, Seite 
128) entnommen ist: 
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n = ji, 7i„. 71 = Zahl der Freiheitsgrade. 

Wenn man auf diese Weise in dem in Abb. 14 wiedergegebenen Versuch 
den Unterschied in der Sauerstoffaufnahme einerseits wShrend der 
Asthma-Periode, andererseits wUhrend der Vor- und Nachperiode unter- 
sucht, findet man einen Wert von i — 4fi. Aus den Tabellen geht hervor, 
dass weniger als 1 % Wahrscheinlichkeit dafur besteht, dass die ErhOhung 
der Sa’ierstoffaufnahme wUhrend der Asthmaperiode nur auf einem Zu- 
fall beruhen konnte. 
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Abb. IG. Versuch vom 18. 12. 1940. Offenes Respirationssystem. Gewicht 
des Versucbstieres 980 gr. Das Tier atincte 62 % Sauerstoff in Stickstoff 
ein. Das Asthma wurde dtirch 5-fach verdiinntes Homoserum ausgelost. 
Das Tier wurde im April 1940 sensibilisiert. 

Allgemeinzustand des Tieres: Rubig wuhrend des ganzen Vcrsuches. 

Der resiiiratoriscbe Quotient sinkt von 0,r.7 vor Beginn des Versuches 
auf 0,18 und 0,22 in der ersten Zeit des Asthmas und steigt gegen Ende 
der Astbmaperiodc wieder auf 0,c:i. 

I. Atcmfrequenz pro Minute. 

II. Grad des Asthmas. 

III. Rektaltemperatur in Grad Celsius. 

IV. Hauttcmperatur in Grad Celsius. 

V. Lungenventilation in cc pro Minute. 

VI. Saucrstoffaufnahme in ce pro Minute (reduziert). 

Abszisse: Zeit in Stunden. 
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Bei schwererem Asthma wird der respiratorische Quotient 
erheblich kleiner, vor allem wenn das Asthma etwa so schwer 
ist, dass sich die Lungenventilation vermindert (Abb. 16. Hier 
sank der respiratorische Quotient auf etwa 0,2o.). Aber auch in 
den Fallen, in denen sich die Lungenventilation wahrend des 
Asthmas nicht wesentlich veranderte, so beispielsweise in Abb. 
15, findet man ein Absinken des respiratorischen Quotienten im 
Anfang der Asthmaperiode. Dies kann wahrscheinlich durch die 
unzulangliche Durchmischung der Atmungsluft bei der Stenose- 
atmung erkiart werden (vergl. Roelsen, 1937). Wahrend des 
Asthmas steigt dann der respiratorische Quotient allmahlich an, 
auch wenn sich die Lungenventilation nicht merkbar verandert. 
Dies diirfte so gedeutet werden, dass infolge der Erhohung des 
Milchsaure-Gehaltes im Organismus mehr Kohlensaure ausge- 
atmet wird. Im Beginn der Nachperiode kann der respiratorische 
Quotient noch etwas weiter ansteigen (Abb. 15). Er erreicht 
dann allmahlich wieder den Normalwert, nachdem er eventuell 
zuerst etwas unterhalb der Norm lag. 

Die Veranderungen im respiratorischen Quotienten wahrend 
des Asthmas durften demnach teils auf Veranderungen der 
Lungenventilation, teils auf solchen im Milchsaure-Gehalt des 
Organismus beruhen. Dagegen konnte unter den vorliegenden 
Bedingungen nicht entschieden werden, ob nicht auch eine Ver- 
schiebung im Verhaltnis der verbrannten Eiweiss-, Fett- und 
Kohlehydratmengen zueinander erfolgte. 

Das Verhalten der Teviperatiir. Die Rektal-, wie die Haut- 
temperatur verhalten sich in prinzipiell gleicher Weise, wie es 


Abb. 16 Forts. 

(Die Analysen wurden in diesem Versuch sowohl mit dem van Slyke- 
Apparat, wie mit dem Haldane-Apparat ausgefuhrt. Um letzteren anwen- 
den zu konnen, musste zunachst eine gewisse Menge Stickstoff in den 
Apparat eingefuhrt und sauerstofffrei gemacht werden. Erst dann kann 
die Probe aufgenommen und mit dem Stickstoff gemischt werden, der so 
lange in der Kohlensaure-Absorptionsbiirette aufbewahrt wurde. Hier- 
durcb vermindert sich selbstverstandlicherweise die Genauigkeit der 
Methodik, und wird kleiner, als in Kapitel III angegeben. Die mit der 
Haldane- und der van Slyke-Methode gefundenen Werte stimmen aber 
gut iiberein.) 
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friiher fiir die Versuche im gcschlossencn Respirationss.vstem in 
Kapitel IV beschrieben wiirde. So steigt die RektaUemperatur 
urn einige Zehntel Grade bei leichtem Asthma (Abb. 14) und 
sinkt bei schwererem Asthma (Abb. IG). Audi hier findet man, 
dass die Rektaltemperatur in dcr Nachperiode nach einem 
sdiweren Asthma rascher wieder auf den Ausgangswert ansteigt, 
als die Hauttemperatur, die noch liingere Zeit erniedrigt bleiben 
kann (Abb. 16). 


2. Vcrsuchc in Narkose. 

In diesen Versuchen wurde ausschliesslidi Histamin zur Aus- 
Idsung des Asthmas angewendet. 

Die Versudistiere ertragen unter diesen Bedingungen auch ein 
schweres Asthma in atmosphiirischer Luft, wahrscheinlich des- 
halb, weil ihr Sauerstoffverbraudi infolgc der Narkose herab- 
gesetzt ist. 

Die Atemfrequenz. Die Atemfrequenz ist bei leichtem Asthma 
erhoht und kann bei schwerem Asthma unter den Normalwert 
sinken. 

Die Lungenventilation. Die Lungenventilation wird bei leich- 
tem Asthma grosser. Bei schwerem Asthma kann sie erheblich 
unter den Normalwert heruntergehen. In Abb. 17 zeigt sich 
mehrmals deutlich, dass die Grosse der Lungenventilation vom 
Grad des Asthmas abhangt. Wenn der Asthma-Anfall nachzu- 
lassen beginnt, wird die Lungenventilation erhoht. 

Der Sauerstoffverbraudi ist etwa 20 % niedriger als bei Tieren 
ohne Narkose. Bei leichterem Asthma steigt die Sauerstoffauf- 
nahme etwas an, bei schwererem Asthma kann sie erheblich 
unter den Normalwert sinken. In der Nachperiode nach einem 
schweren Asthma findet man hier nicht immer einen kompensa- 
torischen Anstieg. Der respiratorische Quotient ist im allgemei- 
nen etwa 0,8o. Im Asthma verhalt er sich ebenso, wie bei den 
Versuchstieren ohne Narkose. Auch die Rektaltemperatur ver- 
andert sich in gleicher Weise, wie bei Tieren ohne Narkose. 
Dies ist gut aus dem in Abb. 17 wiedergegebenen Versuch ersicht- 
lich. Bevor in diesem Versuch das Asthma einen hoheren Grad 




Abb. 17. Versuch vom 11. 2. 1941. Offenes Respirationssystem. Gewicht 
des Versuchstieres 680 gr. Urethan-Narkose 2 Vs Std. vor Beginn des 
Versuches eingeleitet. Das Tier atmete atmospharische Luft ein. Das 
Asthma wurde durch 1 Vooige Histaminlosung hervorgerufen. Bei "t 
Beginn, bei 4 Ende dcr Histamin-Inhalation. 

Allgemeinzustand des Tieres: Ruhig. 

I. Rektaltemperatur in Grad Celsius. 

II. Atemfrequenz pro Minute. 

III. Grad des Asthmas. 

IV. Sauerstoff-Gehalt des arteriellen Blutes in Volumprozent. 

V. Milchsilure-Gehalt des arteriellen Blutes in mg% (bestimmt nach 
Lehmakn nacli Miller und Muntz •). 

VI. Lungenventilatiori in cc pro Minute (reduziert). 

VII. Respiratorischer Quotient. 

VIII. Sauerstoffaufnahme in cc pro Minute (reduziert). 

Abszisse: Zeit in Stunden. 
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orreichte, sticg die RoUtnlteinperatur an. Spilter dapefren war 
.sic wJihrend dor ganzen Zoit, wiihrend dor <laH AHthnia ‘^chwor 
war, erniodrigt. Wonn das Asthma vorlioi ist, zoigt di(! Hoktal- 
temperatur oinc Tendon?. ?.um Anstiog. 

Dig Saucnioffs(iiii(iitU(i dofi arterUdlon lilutrs. Die .Sauer- 
stoffsilttigung des artoriellen Blutos niinmt im Asthma al>. Ahh, 
17 zeigt, dass das arterioUe Bint nicht mit .^aijerstoff gesiittigt 
ist, obgleich das Asthma nicht sehworer war. als das.s die 'lein- 
peratur steigen konnlc. Bei schworerem Asthma ist das Bint 
nur zu ca. 50 % gesiUtigt. Dies stimmt mit dern Worien iiheroin. 
die Mooue und Bin'oeu (1027) hoi mcchanischer Slennseatmnng 
fanden. Die heste Erkliirung filr die I'rsacho dor Ilerahsotzung 
der Sanerstoffsiittignng diirfte soin. dass dor G'asajistansch in 
den Lungen erschwert ist. 

Der Milchsdure-GehaU des Blutes. Wir wissen, dass im ana- 
phylaktischen Schock der Milchsil\ire-DchaU des BUUcs hei 
Meerschweinchen (Zunz iind La BAitm:) wie heim llund (.Me 
CuLEOGii und O’Neu.i.) ansteigt. Letztero Verfasser hestimmten 
den Milchsiiure-Gehalt in Ather-Morpidn-Narkose und fanden 
eine Erhohung um 100 %. Dabci zeiglon sie, dass die Narko.se 
selbst im Bcginn des Versuches den Milchsiinre-Oehalt im Blutc 
um etwa 15 % steigerte. Nach zwei Stunden war der ^Milchsiiure- 
Gehalt des Blutes wieder normal. 

Geht man von den ebon genannten Untcrsuchungen aus. so 
hat man alle Veranlassung, zu vormuten, dass aueh im experi- 
mentellen Asthma der Milchsaure-Gehalt des Blutos crhbht soin 
wird. Dass dies in der Tat der Fall ist, konnte am experimon- 
tellen Histamin-Asthma in Urethannarkosc nachgowioson werdon. 
Diese Versuchc warden nur in dor Absicht durchtrefiihrt, eine 
Vorstellung von der Grdssenordnung des Milchsaure-Anstioges 
im Asthma zu gewinnen. In tlbereinstimmung mil den Ergcb- 
nissen von- Me Culloou und O’Neiu. diirfte aueh die Urcthan- 
Narkose keinen nennenswerten Einfluss auf den Milchsaure- 
Gehalt des Blutes ausiiben. In dem in Abb. 17 wiedergc^obenen 
Versuch ist dementsprechond der Milchsaure-Gehalt des Blutes 
am Zeitpunkt 3 Va Std. normal (6 SOinden, nachdem die' N.arkose 
eingeleitet wurde). Zu dieser Zeit hatte das Versuchsticr Asthma. 
Dies war aber so leicht, dass die Rektaltompcratur steigen 
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konnte. Als das Asthma schwerer wurde und die Rektaltempera- 
tur sank, stieg der Milchsaure-Gehalt des Blutes an. Der Ver- 
such in Abb. 17 zeigt, dass man bei leichterem Asthma keine 
Erhbhung des Milchsiiure-Gehaltes zu finden braucht. In diesem 
Fall durften demnach die Gewebe so viel Sauerstoff erhalten, wie 
sie benotigen, obgleich das Bliit nicht voll mit Sauerstoff ge- 
sUttigt ist. Wenn bei schwererem Asthma die Sauerstoffzufuhr 
zu den Geweben nicht mehr ausreichend ist, steigt der Milch- 
siiure-Gehalt, wahrscheinlich infolge des Fehlens der Glykogen- 
Resynthese Oder infolge der Verminderung der Milchsaure- 
Oxydation. In dem Versuch in Abb. 17 fanden wir eine Ver- 
mehrung der Milchsilure im Blut um etwa 30 mg % . Aus Tabelle 
4 geht hervor, dass bei Meerschweinchen ohne Narkose der 
Jlilchsiiure-Gehalt unter Sauerstoffmangel um 150 mg % anstei- 
gen kann. 

Die Jlilchsiiure-Bestimmungen warden nach Lehmann, wie 
nach Miller uiid Muntz ausgefiihrt. Letztere Methode ist eine 
Modifikation der in vielen Variationen bekannten Bestimmungs- 
verfahren, die auf der Oxydation der Milchsiiure zu Acetaldehyd 
beruhen. Diese Methode ist aber nicht spezifisch. Dies diirfte die 
Ufsache dafiir sein, dass die mit ihr gewonnenen Werte holier 
liegen, als die, die mit der von Lehmann ausgearbeiteten enzy- 
matischen Methode gefunden wurden. Es ist interessant, dass 
der Anstieg der Milchsaure-Werte im Asthma, der mit den ver- 
.‘^chiedenen Methoden gefunden wurde, gleich gross ist. Dies liisst 
uns annehmen, dass es sich hier ausschliesslich um eine Ver- 
mehrung der Milchsilure handelt, und nicht auch der unbekann- 
ten Substanzen, die mit der Methode von Miller und Muntz 
neben der Milchsaure bestimmt werden. 

Der arterlelle Bhddruck. Das Symptomenbild, das beim Meer- 
schweinchen durch Histamin ausgeliist wird, ist vor allem durch 
die kontrahierende Wirkung dieses Stoffes auf die Bronchial- 
muskulatur bestimmt. Feldberg und Schilf (1930, Seite 205) 
schreiben beispielsweise: »Bei anderen Tieren wirkt das Histamin 
im wesentlichen auf andere als die Kreislaufsorgane. So wirkt 
es beim Meerschweinchen vor allem auf die Bronchialmuskulatur, 
welche auf eine intravencise Histamin-Injektion mit einem zur 
Erstickung fiihrenden Bronchospasmus antwortet. Der Histamin- 
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schock des Meerscliweincliens beruht somit auf einem Bronchial- 
muskelkrampf.» 

Die Veranderungen, zu denen es im Kreislauf kommt, diirften 
nur sekundare Folgeerscheinungen der Stenoseatmung sein. 

Der arterielle Blutdruck steigt beim Meerschweinchen nacli 
der Injektion von Histamin. Auf diesen Effekt durfte allerdings 
die Art der Narkose einen gewissen Einfluss ausuben (vergl. 
Feldberg und Schilf, 1930, Seite 125 und 216). Im anaphylak- 
tischen Schock wird der arterielle Blutdruck erhdht (u. a. Smith, 
Harter und Alexander, sowie Tokusige). Tokusige betont, dass 
der arterielle Blutdruck erst dann sinkt, wenn bereits AtemstUl- 
stand eingetreten ist.. 

Nach den eben ge.nannten Erfahrungen hat man alle Veran- 
lassung, anzunehmen, dass die Verhaltnisse im experimentellen 
Asthma prinzipiell gleichartig sein -werden. Es zeigte sich, dass 
dies in der Tat zutrifft. In einigen orientierenden Versuchen 
konnte ich wilhrend des experimentellen Asthmas eine Blutdruck- 
steigerung urn 30 mm Hg Oder weniger konstatieren. Diese hielt 
an, solange der Asthraa-Anfall andauerte. Gleichzeitig mit dem 
Verschwinden des Asthmas kehrte auch der arterielle Blutdruck 
auf seinen Ausgangswert zuruck. Diese Versuche wurden durch- 
geflihrt, um auszuschliessen, dass die A’'erminderung der Sauer- 
stoffaufnahme, zu der es wahrend des schweren Asthmas kommt, 
etwa auf einen Abfall des arteriellen Blutdruckes zu beziehen 
ware. In einer spateren Arbeit beabsichtige ich, die Kreislauf- 
verhaltnisse wahrend des experimentellen Asthmas eingehender 
zu studieren, dies vor allem deshalb, weil das experimentelle 
Asthma wesentlich bessere Mbglichkeiten bietet, die Einwirkung 
der Stenoseatmung auf den Kreislauf zu untersuchen, als es der 
durch Injektion ausgeldste anaphylaktische Schock tut. Im ex- 
perimentellen Asthma ist es namlich mdglich, leichter den 
Schweregrad und die Dauer der Stenoseatmung zu bestimmen. 
Auf diese, einer spateren Dntersuchung vorbehaltenen Fragen, 
soli hier nicht ndher eingegangen werden. 

Ziisammenfassung. 

Die wichtigsten Resultate, die in diesem Kapitel gewonnen 
wurden, sind: Bei leichtem Asthma wird die Lungenventilation 
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und die Sauerstoffaufnahme vergrossert, der respiratorische 
Quotient steigf etwas an. Bei schwererem Asthma konnen die 
Lungenventilation und die Sauerstoffaufnahme erheblich abneh- 
men und der respiratorische Quotient stark sinken, manchmal 
auf sehr niedrige Werte. Zicischen diesen beiden Extremen gibt 
es alle Vbergdnge. In der Nachperiode nach eineni schweren 
Asthma, u'dhrend dessen die Lungenventilation und die Sauer- 
stoffaufnahme vermindert waren, findet man eine kompensa- 
torische ErhbJiung dieser beiden Grossen. Dies wird am deut- 
lichsten in Versiiclien an nicht betaubten Tieren. 

Wdhrend des experimeyitellen Asthmas ist das Blut nicht mit 
Sauerstoff gesdttigt und der Hiilchsaure-Gehalt des Blutes erhoht. 



KAP. VI. 


Bie Gcwebsatimmg iiii expcriinentelleii Astlnna, 
some bei Hcrabsetzung dcs Sauerstoff-Gelialtes 
mid bei Erlioluing des Kolilcnsiiiirc-Gclialtes 
in der Atinmigsliift. 

Die Versuche iiber das Verhalten der oxydativen Prozesse in 
den Geweben warden in der Regel so ausgcfuhrt, dass ab- 
wechselnd Normalversncbe and z. B. Asthma-Versiicbe jeweils 
an einer Serie von etwa 10 Versuchstieren angestcllt warden, die 
anter gleichen Bedingungen gehalten warden. Alle Tiere mussten 
die letzten Standen, bevor sie fur die Anstelhing der Yersache 
iiber die Gewebsatmung getotet warden, im Respirationsapparat 
sitzen. Bei den meisten Kontrolltieren and alien Yersachstieren, 
bei denen ein Asthma erzeagt wurde, Oder die einer Ycriinderung 
in der Zusammensetzung ihrer Atmungslaft ansgesetzt warden, 
wurde die Sauerstoffaufnabme, sowie die Rcktal- and Hauttem- 
peratur bestimmt. (Die Untersachung der Sauerstoffaufnabme 
unterblieb nur bei den Tieren, bei denen der COa-Gehalt der 
Einatmungsluft erhoht wurde). Diese Yersuchsanordnung diente 
dem Zweeke, moglichst zuverliissig den Zustand der Asthma- 
tiere vor ihrem Tode mit der Grosse der Gewebsoxydationen in 
Beziehung setzen zu kiinnen. Das Respirationssystem hatte in 
diesen Versuchen niemals einen hoheren Sauerstoff-Gehalt, als 
den der atmospharischen Luft. 

In den Astbma-Versueben waren die Lungen blass and stark 
emphysematds. Die SchnittfUiche war in der Regel trocken. Nur 
ausnahmsweise konnte an ihr eine gewisse Feuchtigkeit beobacb- 
tet werden, die auf einen leichten Grad von Odem binwies. Die 
Organe waren baufig deutlicb cyanotiscb, ersebienen aber niebt 
gescbwollen. 
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Die Gewebsatmuhg "vnirde vor allem iii folgenden Geweben 
bestimmt: Leber, Oberschenkelinuskulatur orderseite des Ober- 
schenkels), Zworchfell (iiach Entferniing des sehiiigen Teiles), 
Herzmuskel (nacli Abschneiden der grossen Gefiisse) und Niere 
(Rinde). An diesen Geweben wrde der Sauerstoffverbrauch im 
Warburg- Apparat sowie die Oxydations-Reduktions-Intensitat 
im Metliylenblaii-Yersuch nntnrsucht. 

In einer geringen Anzabl von Versuchen warden ausserdem 
die Gewebsoxydationen im Gehirn (graue und weisse Siibstanz 
des Grosshirns), in der Brustmuskulatur, im Darm (unterer Teil 
des Diinndarms) und in der Lunge bestimmt. In diesen Versuchen 
wurde oft die Gewebsatmung nur mit einer der beiden oben 
genannten Methoden untersucht. 

In der Regel -mirden die Warburg- wie die Methylenblau-Ver- 
suche in Doppelbestimmungen durcbgefiibrt. In den Metbylen- 
blau- Versuchen wurden haufig 3 bis 4 Rdhrchen jeder Art gefullt. 

Es ist wichtig, zii hetonen, dass alle UnterscMede, die auf 
diese Weise in deni VerhaUen der ozydativen Prozesse in den 
Geweben zu konstatieren waren, die von Tieren stammten, die 
ein Asthma hatten oder tinier der Einwirkung einer Verdnderung 
der Kohlensdure- oder Sauerstoffspanniing in der Atmungslnft 
standen, ausschliesslich eine Folge der intra vitam entstahdenen 
Verdnderimgen sein konnten. Nachdeni die V ersuchstiere getbtet 
warden waren, wurden die Gewebe von den Kontroll- wie von 
den Asthmatieren in gleicher Weise behandelt. 


1. Die Gewebsoxydationen im expcrimentellen Asthma. 

Wie friiher erwahnt, zeigten Abderhalden und Wertheimer 
sowie Bongeler, dass die oxydativen Prozesse in den Geweben 
von Tieren, die im anaphylaktischen Schock starhen oder getbtet 
wurden, herabgesetzt sind. Diese Verfasser nehmen an, wie 
ebenfalls bereits weiter oben erwahnt, dass die Senkung der 
Gewebsatmung fur den anaphylaktischen Schock spezifisch ist. 

In der Absicht, festzustellen, inwieweit diese Ansicht zu 
Recht besteht, oder ob nicht auch bei anderen Formen der 
Stenoseatmung eine Herabsetzung der Gewebsatmung vorkommt, 
8 
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untersuchte ich an Meerschweinchen die Gewebsatmung im expe- 
rimentellen Asthma, das in der Rcgel dutch Histamin ausgelbst 
wurde. 

In den oben genannten Untersuchungen iiber die Gcwebsoxy- 
dationen im anaphylaktischen Schock wurde nur der Sauerstoff- 
verbrauch nach der Methode von Warburg bestimmt. Fiir die 
Beurteilung der Versuchsergebnisse ist cs aber wertvoll, wonn 
man den Sauerstoffverbrauch mil der Oxydations-lntcnsitiit, 
gemessen mit der Methylenblau-Mcthode, vergleichen kann. 
Daher warden Warburg- und Metliylenblau-Versuche parallel 
durchgefuhrt. 

Aus den angestollten Versuchen (siehe u. a. Abb. 23 und 24, 
sowie die Tabelle 7) geht hervor, dass man fiir die folgenden 
Gewebe eine Herabsetzung der Gewebsoxj^dationcn sowohl mit 
der Warburg- wie mit der Methylenblau-Methodc nachweisen 
kann; fiir die Leber, die Obcrschenkelmuskulatur, das Zwerchfell 
und den Herzmuskel. In der Niere konnten mit den oben ge- 
nannten Methoden keine Verlinderungen der Gewebsoxydationen 
nachgewiesen werden. Im Gchirn waren keine siehcren Ver- 
anderungen nachweisbar. Am Darm wurde im Methylenblau- 
Versuch eine Herabsetzung der Gewebsoxydationen festgcstellt, 
wahrend im Warburg-Versuch keine sichercn Yerilnderungen 
gefunden warden. Es muss aber betont werden, dass die erhal- 
tenen Werte fiir den Sauerstoffverbrauch und fiir die lilethylen- 
blau-Entfiirbungszeiten sehr ungleich waren: infolgedessen war- 
den die Versuche am Darm nicht weitergefiihrt. 

Fiir die Brustmuskulatur kann eine deutliche Herabsetzung 
der Gewebsoxydationen im Methylenblau-Versuch nachgewiesen 
werden. Das Gleiche gilt fiir die Lunge, in der man vor allem im 
experimentellen Asthma, das auf anaphylaktischem Wege ausgc- 
I6st war, eine starke Senkung der Oxydo-Reduktions-lntensiUit 
sehen kann. Bestimmungen des Sauerstoffverbrauches im 4Var- 
burg-apparat warden an diesen Organen nicht ausgefiihrt, da 
mir nur eine begrenzte Anzahl von Warburg-Manometern zur 
Verfiigung stand. 

Die starkste Herabsetzung der oxydativen Prozesse in den 
Geweben wurde bei langdauerndem und mlissig schwerem 
Asthma gefunden, wobei die Kor per temp eratur der Versuchs- 
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tiere allmaiilicli immer mehr sanlc. Als Beispiel hierfiir kann der 
in Abb. 19 wiedergegebene Versuch angefiihrt werden. Man siebt 
bier eine deutlicbe Herabsetziing der Gewebsatmimg in der Le- 
ber, der Oberschenkelmuskulatur, dem Zwerclifell und der Herz- 
muskulatur. An der Niere dagegen warden keine Veranderungen 
gefunden. Wie axis der Tabelle 7 bervorgeht, liess sich auch 
keine sicliere Einwirkung auf das Gebirn feststellen. Zum Ver- 
gleicb sind in Abb. 18 die Gewebsoxydationen von normalen 
Kontrolltieren am Tage vor und nach dem in Abb. 19 dar- 
gestellten Versuch wiedergegeben. 

Bei kurzdauerndem Astlima erhalt man in den meisten Orga- 
nen weniger ausgesprochene Effekte, selbst xvenn der Asthma- 
Anfall so schwer war, dass die Tiere starben. In Abb. 23 und 
24 nnirden daher die Stiibe, die ein Asthma von weniger als 5 
Minuten Dauer representieren, von den anderen Versuchen ge- 
trennt. Diese Versuche warden aber in die Berechnung der 
Mittelwerte und des mittleren Felders miteinbezogen. 

In den Versuchen mit der starksten Herabsetzung der Gewebs- 
oxydationen zeigte sich, dass die Warburg- und Methyl enblau- 
Versuche durchaus parallel liefen. In den Versuchen, in denen 
die .Effekte weniger ausgesprochen waren, war haufig die Her- 
absetzung der Gewebsoxydationen in der einen von diesen beiden 
Methoden starker ausgepragt. In manchen dieser Versuche war 
demnach der Sauerstoffverbrauch nach der Warburg-Methode 
starker herabgesetzt, in anderen dagegen die Oxydo-Reduk- 
tions-Intensitat im Methyl enblau-Versuch. 

In einem Teil der Gewebe finden wir haufiger eine Herab- 
setzung der Gewebsoxydationen, als in anderen. Dies diirfte 
damit zusammenhangen, dass die verschiedenen Gewebe einen 
verschiedenen Grad von Empfindlichkeit gegenuber den schiid- 
lichen Einflussen haben, dehen sie im experimentellen Asthma 
ausgesetzt sind. Den starksten Effekt finden wir an der Leber, 
wahrend an der Niere uberhaupt keine feststellbare Herabsetz- 
ung der Gewebsoxydationen zu beobachten ist. Weiter unten 
werden die Veranderungen der Gewebsatmung in einigen Orga- 
nen eingehender beschrieben werden. Abb. 23 und 24 geben 
eine Zusammenstellung der Versuchsergebnisse von den Gewe- 
ben, die am haufigsten untersucht wurden. Das Material in 
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Abb. 18. Vcrsuchc vom li). 11. bis 22. 11. 1941. 

Gewebsoxijdaiio7icn in den Organen von norinnlen KnnlroiUiercn. 
Allgemeinzustand der Vorsuchsticre: Ruing wiilirciul dcs Vorsuchcs. 

1. Nicre. 2. Lcbor. 3. Oberscbenkolmuskulatur. 4. Zwcrcl»fcll. 

I bis V. Sauerstoffverbrauch iin Warburp-Apparat in cmni. gerpchnct 
vom Beginn de.s Vcnsucbcs. 

VI bis X. Entfarbungszeiten von Mothylenblau in Minuten. 

Abszisse; Zeit in Stunden. 

Versuch I und VI ausgcfilhrt am 15. ll.li)41. 

» II » VII » » 17.ll.liUl. 

» III »VIII » >. 18.ll.liUl. 

» IV j- IX » » li). 11. 1941. 

» V » X » » 22.11.1941. 

(siche auch Tabelle 7.) 

Abb. 23 wurde statistisch behandelt, nicht aber das in Abb. 
24, da es mit gewissen Schwierigkeiton verknuiilt ist, die Ent- 
fiirbungszeiten im Metliylenblaxi-Versncli sUxtistisch ?.n bolian- 
deln. 

Leber (1 in Abb. 23 und 24): Von alien untersuchten Geweben 
findet nuin im Lebergewebe am rcgelmilssigsten eine doutliche 
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Abb. 19. Verstich vom 21. 11. 1941. 

RespiraUonsversuch vncl Gewebsatmmg im experimentellen Asthma. 

Bei t Nr. 1 Eeginn der Einatmung einer 1 “/ooigen Histamin-Lbsung. Bei f 
Nr. 2 Steigerung der Histamin-Konzentration auf 2 ®/oo. 
Allgemeinzustand des Versuchstieres: Ruhig. 

I. Rektal-Temperatur in Grad Celsius. 

II. Sauerstoffverbrauch in cc pro Minute (reduziert auf 0°, 760 mm 
und Trockenheit). 

III. Atemfrequenz pro Minute. 

IV. Grad des Asthmas. 

V. Sauerstoffverbrauch im Warburg-Apparat in cmm fiir Niere. 

VI. » > 3> » s> » > Leber. 

VIL » » » » » > » Oberschen- 

kelmuskulatur. 

VIII. 3> » » » » » » Ziverchfell. 

IX. Entfarbungszeit von Methylenblau in Minuten fiir Niere. 

X. > » > » » » Leber. 

XI. » » j. » » » Oberschenkel- 

muskulatur. 

XII. » » » » j. > Zwerchfell. 

XIII. » » > » > » Brustmuskulatur. 

Abszisse: Zeit in Stunden. 

(siehe auch Tabelle 7.) 
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Herabsotzmifj: (ler oxydalivon Prozi'ssa, In dcr IaOxt zeijrt >ich 
auch deudicli dcr liiderscliiod '/wi.stditMi lanix- und knrzdancTn- 
dem Asthma, sowold im Warlturf'- wit; im Mo,tiiylftd)lan-V(!T:imd), 
Alls Abl), 28 gchl hcrvor, dass dii; Ibitarschiadu im Sum*rstnff- 
verbranch '/Avisclicn don Normal- und don lIis(amin-\ orsnchon, 
wic sic mit dor Warbnr'^-Mcthodo <rcrundon wtirdon. staiistisoh 
8ichort?os(cllt sind. 

Ohem:}tciih'eh)nisknhiiur (2 in Abl». 2:1 und 24 ): l)it‘ Ilmvib- 
setznng dor Gewobsoxydationcn isl bior niobt so froni'diidioli %vio 
in dor Lober. Dio stiirksle .Sonkiinfr wird amdi bier Imi lan;„^- 
dauerndom und mittolsebworom Astlima ^^cfundon, Dio Diffo- 
renz zwiscbon don Normal- nnd don Hist.amin-Vorsttcbon ist 
aucb bier stalistiscb frosicliort. Im Midbylonblan-Vorsiiob >ind 
die Unterscbiedo nicbt so doutlicb. wonn aucb manolio Vorsncbo' 
cine einwandfreio Vorliingcrun" dor Entfiirlmngs'/.oit dor (lowebo 
von astbinatischcn Vcrsncbstiorcn zoigon. Dio V'orsucbsrosnltato 
lassen annebmcn, dass in dor Oborscbonkolmusknlatur die 
gleichen Verilndcrungon auftreton, wio in dor Lobor, dass aimr 
die Lober empfindlicber ist, als die Oiicrsclionkelmusknlatnr. 

ZwerclifcU und Ucrzmuskcl (8 nnd 4 in Abb. 2:1 nnd 24): In 
den durcbgefiibrten Vorsncbcn konnte im Warburg- ndc im 
Methylenblau-Vevsuch biinfig oino llerabsotznng dor oxydnliven 
Prozessc konstatiert werdon. Das Material, das untcr dcr Ein- 
wirkung des Histamin-Aslhmas untersucbl xvurde, ist abor nicbt 
so gross, dass cine statist iscbe Berccbnnng mbglicb wiiro. 

In den Nonnal-Vcrsucben ist das Ilerz stcts dilatiert nnd 
schliigt meist nocb boi der Entnabme ans dem Tier. Naeh 
scbwerem Asthma siebt man in der Regcl, dass das Ilcrz kontra- 
hiert ist. Dies durfte wabrscbcinlicb mit Verandcrungen des 
intermediiiren Stoff\Yecbsels znsammcnbiingcn. In mancben die- 
ser Fiille beobacbtet man, dass die Versncbstiere ganz [dbtzdicb 
sterben, obne dass die Atinnngsbehindornng merkbar zugenom- 
men hiitte. Es ist nicbt ansgcschlossen, dass dio.ser plOtzlicbe 
Tod durch Veranderungen im Atmnngssystom des Ilerzmnskels 
verursacht sein konnte. Weitere Untersucbungen sollen diese 
Frage aufklilren. 

mere (5 in Abb. 23 nnd 24): In dev Niere findet man keine 
Herabsetzung der oxydativen Prozesse, selbst nicbt in den Fill- 
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len, bei denen die Gewebsoxydationen der iibrigeii untersuchten 
Organe am stiirksten vermindert waren, was z. B. aus Abb. 19 
hervorgeht. 

Da das experimentelle Asthma- in der Regel durch Histamin 
aiisgelost wurde, ist es angebracht, auf die Angaben der Lite- 
ratur einzugehen, die iiber die Einwirkung von Histamin auf 
die Gewebsatmung vorliegen. 

vox Euler und Li:jf,<traxd (1929) untersuchten die Einwirkung von 
Histamin (in Konzentrationen von 1 : lO"’ bis 1 : lO"*®) auf die Gewebs- 
oxydationen der Froschmuskulatur im Methylenblau-Versuch. Sie fanden 
eine Erhohung. Die optimale Konzentration war 1 : 10"*^ 

^YoJ^L^.EMET^l und Szorenyi (193^) untersuchten mit der Warburg- 
Methode die Histamin-IVirkung auf Gewebsschnitte vom Meerschweinchen 
(Leber, Niere, Haut und Gehim) und beobachteten eine Starke Erhohung 
der Oxydationen. Die Steigerung war in der Leber und Haut in manchen 
Versuchen grosser als 100 %. in den ubrigen Organen betrug sie etwa 
25 %. Die den verschiedenen Rezipienten zugesetzte Histamin-Menge war 
0,5 bis 2 mg. 

Davon ausgehend, dass in der Anaphylaxie Histamin oder Histamin- 
khnliche Substanzen freigesetzt wilrden, untersuchte Bwngeler (1933) an 
Lebenschnitten von MUusen, denen Histamin injiziert wurde, die Gewebs- 
atmung. Nach kleinen Dosen (2,5 mg subcutan) fand er eine geringe 
Steigerung der Gewebsoxydationen. Nach grossen Histamin-Dosen (80 
bis 120 mg, MUusen von 20 gr Gewicht subcutan Oder intravenOs injiziert) 
beobachtete er eine Herabsetzung der Gewebsatmung. Bungeler betont, 
dass er nach den grossen Histamindosen nur dann eine Senkung der 
Gewebsoxydationen fand, wenn die Versuchstiere schwere Symptome 
zeigten (KrUmpfe, schwerste Dyspnoe, blaurote Verfarbung der Haut 
usw.). BUxgeler untersuchte auch die Einwirkung von Histamin, das den 
Leberschnitten in vitro zugesetzt wurde. Dabei fand er bei einer Kon- 
zentration von 1 : 2 X 10‘* keinerlei Effekt, bei einer Konzentration von 
1 : 10"® eine Hemmung um 10 %, bei einer Konzentration von 1 : 2 X 10"® 
eine Hemmung um 25 %, und, bei einer Konzentration von 1 ; 10‘® eine 
Hemmung um 35 %. Wie BL'ngeler annimmt, sprechen diese Versuche 
dafiir, dass die VerUnderungen, die er an MUusen im anaphylaktischen 
Zustand nachweisen konnte, dutch eine Histamin-Wirkung ausgelost 
wurden. Es muss aber hervorgehoben werden, dass die Herabsetzung der 
Gewebsoxydationen, die nach der Injektion von Histamin in der Leber 
gefunden wurde, wahrscheinlich mit den schweren Symptomen zusam- 
mehUngt, die hierbei an den Versuchstieren auftraten. Hierauf wird in 
Teil 2 dieses Kapitels nUher eingegangen werden. Was die Versuche mit 
Zusatz von Histamin zu den Gewebsschnitten betrifft, so ist zu bemerken, 
dass eine Hemmung erst bei sehr hohen Konzentrationen (1 : 2 X 10'®) 
auftritt. ' , 
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Ich untersuchte die Einwirkung des von ntiir verwendeten His- 
taniins 8.uf die Gewebsoxydntionen der Leker im liVtirl)urg- und 
Methylenblau-Yersuch. Dabei beobachtete icb keine sicheren 
Effekte. Die angevvendeten Konzentrationen lagen zwischen 
1 : 10'^ und 1 : 10-^^ 

In meinen Yersuchen wurden wabrend einer Stunde in der 
Regel 2,5 mg Histamin vernebelt, baufig bedeutend weniger. 
Nur ein Teil dieser Menge kann vom Versucbstier aufgenommen 
worden sein. Ferner ist zu bemerken, dass die Verilndeningen 
der Gewebsoxydationen stets von dem Schweregrad und der 
Dauer des Asthmas abhingen, und nicht von der Histamin-Kon- 
zentration, die notig war, um das Asthma auszulbsen. Enter 
Beachtung dieser Befunde und mit Rucksicht u. a. auf die quan- 
titativen Gesichtspunkte, diirfte man daber berechtigt sein, anzu- 
nehmen, dass die im experimentellen Asthma gefundene Herab- 
setzung der Gewebsoxydationen nicht einfach eine Folge der 
Histamin-Einwirkung ist. Sian hat vielmehr alle Veranlassung 
dazu, die Veranderungen der Gewebsatmung fiir eine Folge der 
Stenoseatmung selbst zu halten. Diese Verhaltnisse -werden eben- 
falls in Teil 2 dieses Kapitels nUher behandelt werden. 


2. Die Gewebsoxydationen bei Herabsetzung des Sauerstoff-Gc- 
haltes nnd Erhohung des Kohlensaure-Gehaltes in der 
Atmungsluit. 

In Kapitel IV und V wurde gezeigt, dass die Sauerstoffauf- 
nahme bei schwererem Asthma bedeutend sinkt. In Kapitel V 
wurde ferner nachgewiesen, dass die Sauerstoffsattigung des 
arteriellen Blutes auch bei einem leichteren Asthma abnimmt. 
Dies konnte unter den fraglichen Bedingungen nur dutch eine 
Erschwerung des Gasaustausches in den Lungen erklart werden. 
Die Erschwerung des Gasaustausches in den Lungen diirfte 
ihrerseits zum Teil dadurch erklarlich sein, dass im schweren 
Asthma die Lungenventilation pro Minute abnimmt (Kapitel V). 
Infolgedessen sinkt die alveolate Sauerstoffspannung- und die 
alveolate Kohlensaurespannung steigt an. Auch bei leichterem 
Asthma diirften wir mit einer Verschiebung der Zusammensetz- 
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ung der Alveolarluft in der eben erwahnten Richtung rechnen 
diirfen. Denn die Stenoseatniung verschlechtert an und fiir sich 
die Durclimischung der Atmungsluft (vergl. Roelsen). Diese An- 
nahme wird durch die Tatsaebe gestutzt, dass der respirato- 
rische Quotient sinken kann, obgleich sich die Luhgenventilation 
im experimentellen Asthma erhoht (Abb. 17). Infolge der Erhdh- 
ung der alveolaren Kohlensaurespannung wird der Organismus 
mit Kohlensaure gesattigt, was sich in der Senkung des respira- 
torischen Quotienten im Beginn des Asthmas manifestiert (Kapi- 
tel V). Znmindestens bei schwererern Asthma milssen imr daher 
damit rechnen, dass mi Organismus die Sauer stoffspannung her- 
abgesetzt, die Kohlensaurespannung erhoht ist. 

Wie in Abschnitt 1 dieses Kapitels ausgefiihrt wurde, kann 
die Herabsetzung der Gewebsoxydationen im experimentellen 
Histamin-Asthma nicht einfach als ein Histamin-Effekt erklart 
werden. Man muss sich daher fragen: Ware es moglich, dass die 
durch die Stenoseatmung verdnderten Gasspannungen im Orga- 
nismus die primdre Vrsache der Verdndeningen in den Gewebs- 
ozydationen darstellen? 

In der Literatur gibt es meines Wissens nur eine Angabe 
uber Untersuchungen beziiglich der Gewebsoxydationen von Ver- 
suchstieren, die der Einwirkung von Gasgemischen ausgesetzt 
wurden, die von der atmospharischen Luft abweichend waren. 
Im Zusammerihang mit ihren Untersuchungen tiber die oxyda- 
tiven Prozesse in den Geweben von Meerschweinchen im ana- 
phylaktischen Schock erwahnen Abderhalden und Wertheimer 
(1922, Seite 498), dass die Gewebsatmung bei Tieren, die ktinst- 
lich langsam erstickt. worden waren Oder infolge von Blutver- 
lusten starben, normal war. Dies wird als Sttitze fiir die Anschau- 
ung der Verfasser angefiihrt, dass die Herabsetzung der Ge- 
websoxydationen im anaphylaktischen Schock fiir diesen spezi- 
fisch ware. 

Um die oben gestellte Frage definitiv beantworten zu kbnnen, 
musste die Gewebsatmung untersucht werden, nachdem die be- 
treffenden Versuchstiere unter der gleichzeitigen Einwirkung 
einer Herabsetzung der Sauerstoffspannung und einer Erhohung 
der Kohlensaurespannung in der Atemluft standen. In einigen 
Versuchen wurden ausserdem die Gewebsoxydationen unter- 
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Abb. 20. Versiich vovi 26. 2. 1943. 


RBspifotions-Vcrsuch ttnd Gciccbsotuiung bci Saucrstoffttictngcl. 

AllgcnxcinzustJiTid dcs "VcTsuclisticrcsi Ruliig. IVUhrcnd dcs Vcrsuchcs 
tiefe, kriiftige Atemzvige. Am Ende dcs Yetsiichcs sah das Tier matt a«s. 
Zusammensetzung des Gasgemisches im System; 


Zeit nacb Beginn 
des Versuches 
2 V 2 Std. 

3 » 


KoblensUure- 
Gehalt 
0,4S % 

0,32 % 


Sauerstoff- 
Gcbalt 
5,53 % 

— ll yO 


I. Bektaltemperatur in Grad Celsius, 
n. Hauttemperatur in Grad Celsius. 

III. Sauerstoffaufnahme in cc pro Minute (reduziert). 

IV. Atemfrequenz pro Minute. 
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sucht. iiachdcm die Vorsuclistiere dor Einwirkung allein einer 
Eiholmng der Kohlonsiluretension odor dor allein einer Senknng 
der Sauerstofftension ausgc.sctzt worden waren. 

Dio angewondetc Melhodik wurde in Kapitel III ansfiihrlicli 
bescliricben. Bei dor Untorsnebung der Einwirkung eines ernie- 
drigten Sauor.^loff-Gehaltes wurde der Saucrstoff-Oelialt im 
System allmahlich gesenkt. so das der Sauerstoff-Gehalt am 
Schluss des Versuches etwa 3 bis o % betrug. Bei der IJnter- 
suchung der Einwirkung der Kohlensiiure wurde der Kolilen- 
saurc-Gebalt im System auf 2 bis 12 erhbht. Bei der Enter- 
suclumg dor gleichzeitigen Einwirkung einer Senkung des Sauer- 
stoff-Gebaltes und einer Erhbhung der Kohlensiiure-Gehaltes 
cnthiclt das System am Ende der Versuche etwa 5 % Sauer- 
stoff und 2 bis o % KohlensUure. 

Zuniichst soli der Allgemeinzustand der Versuclistiere unter die- 
sen versebiedenen Versuebsbedingungen kurz besproeben werden. 

Bei Herabsetzung allein des Sauerstoffgebaltes im System 
steigt die Atomfrequenz allinablicb von etwa 80 auf et,wa 150 
pro Min. 1st der Sauerstoffgebalt geniigend gesunken, so nimmt 
die Atemfrequenz winder ab (Abb. 20). Die Tiere w’urden im all- 
gemeinen aus dem Apparat genommen und getotet, wenn die 
Atemfrequenz auf etwa 100 pro Min. abgenommen hatte. Dies 
gesebab, um die Versuebsbedingungen niebt unnotig zu kompli- 
zieren. Witrde niimlicb die Atemfrequenz sebr stark abnebmen, so 
miisste man damit reebnen. dass der Gasaustauscb insuffizient 
wiirde, und die Koblensilurespannung im Organismus anstiege. 
Wenn der Sauerstoffgebalt im System auf 5 bis 10 % abnabm, 
begann die Sauerstoffaufnahme sowie die Rektal- und Ilaut- 

Abb. 20 Forts. Versuch vom 26.2. 1943. 

V. Sauerstoffverbrauch im Warburg-Apparat in emm fur Leber. 

VI. Entfiirbungszeiten von Methylenblau filr Leber in Minuten. 

VII. » > > > 

WII. » » 

IX. » » > » 

X. » » » » 

Abszissc: Zeit in Stunden. 

. (siehe auch Tabelle 7.) 


® + m/300 Succinat. 

» -f m/75 » 

> -f m/50 Lactat. 

» -b m/15 » 



T 


T 


Tyj 


i 


Abb. 21. Versuch trom 16. 2. 1912. 

Rcspiraiiofisvcrsuch und Gcircbsotmuiiff bri Saurrstoffmnnprl uud Kohl/'n- 
saure-Vbcrschuss. 

Allgemeinzustand des Versuchsticrpp: Kubig w.'ibrcnd ties Ycrsuche,*. 

Bei t ■R'lirdc die ZirkulationFgei-chwindigkoit im von 3 ,£j Liter 

pro Minute auf 0,io Liter pro Minute pciindcrt. Nacli 1 .Sid. 2.'i Min. 
wurde der von dem Vcrsuchstier vcrbravichtc SiuierFtoff tellwci?e durcb 
atmosphiirische Luft crsetzt, wodurcb dcr Saucrstoff-Gehalt im System 
allmUhlich abnabm, Zusanimensetzung de? GaFccmisches im Svftomr 


Zeit nach Beginn 
des Versuches 

1 Std. 12 Min. 

2 Std. 30 Min. 

3 Std. 30 Min. 


Sauerstoff- 
Gehalt 
12,20 % 
0,G8 ^0 


Kohlenstiure- 
Gchalt 
4.2.7 
4.M % 

A;ss % 


I. Rektaltemperatur in Grad Celsius. 

II und III. Hauttemperatur in Grad Celsius an zwei verscbiedcnen 
Stellen. 


IV. Atemfrequenz pro Minute. 

V. Sauerstoffverbrauch im Warburg-Apparat in emm filr Niere. 

^I' * » *. > » >, » Oberschen- 

kelmuskulatur. 
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tmperatur der Versuchstiere zu sinken, wie es der in Abb, 20 
wiedergegebene Versuch zeigt. Gegen Ende des Versuches sieht 
das Tier matt nnd miide aus, es kann sich nicbt mehr ricbtig auf- 
recht halten und scbnappt nacli Luft. 

Koch und IIf.ymakx (193S-rl93P) untersucliten in der Ruhe und wiihrend 
der Arbeit die Sauerstoffaufnabme von Versuchspersonen, die einer rasch 
entstelienden Verrnindorung des Sauerstoffgelialtes in der Einatmungsluft 
ausgesetzt vrurdcn. Der Sauerstoff-Gelialt der Einatmungsluft wiirde in 
10 Minuten auf etwa a % lierabgesctzt Dios entspricht dem Partialdruck 
des Sauerstoffs in einer Hiihc von ungeRihr 10.000 m fiber dem Meeres- 
spiegel. Gegen Ende des Versuches \\Tirdcn die Versuchspersonen zyano- 
tisch, sie bekamen Muskclzuckungen, licssen den Kopf schlaff hiingen 
und sackten zusammen. Bei aufrcchtcm Stchen begannen sie zu schwan- 
ken usw. Dicse Symptome ilhncln schr den oben ffir die Meerschweinchen 
beschriebenen. 

Bei einer Erhbhung des Kohlensiiure-Gehaltes (um 3 bis 12 %) 
und bei gleichzeitig kaum verUndertem Sauerstoff-Gehalt steigt 
die Atemfrequenz von ca. 80 auf ca. 150 pro Min. und bleibt 
dann wiihrend des ganzen Versuches unveriindert. Die Atmung 
wird kriiftiger und tiefer. Griissere Veriinderungen der Haufc- 
und Rektaltemperatur sind nicht zu beobachten. Die Versuchs- 
tiere sehen weder matt noch miide aus. Sie warden im allgemei- 
nen nach 2 bis 3-stundiger Einwirkung der Kohlensiiure getotet. 

Bei gleichzeitiger Einwirkung einer Verminderung des Sauer- 
stoff-Gehaltes und einer Erhbhung des Kohlensiiure-Gehaltes 
verhalten sich die Versuchstiere anniihernd ebenso wie bei 
reinem Sauerstoffmangel. Die Atemziige werden kriiftiger. Die 

Abb. 21 Forts. 

VIL Sauerstoffverbrauch im Warburg-Apparat in emm ffir Leber. 

VIIL » » > » > > » Zwerchfell. 

IX. » » » » > ■ » » Herzmuskel. 

X. EntfUrbungszeit von Methylenblau (l,a-) mg, 5 cc LOsung) fur Niere. 

XI. » > » > fUr Oberschenkelmuskulatur. 

Xn. » » » » » Leber. 

XIII. » » * », » Herzmuskel. 

Abszisse: Zeit in Stunden. 

(siehe auch Tabelle 7.) 
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Alemfrequcnz stcipt anfaiiL'K unG bt^ginnt KikU; dos Vcr- 

siichcs 'Ml sinkcn (sioho Ahli. 21). Wcnii die Atcnifrc-qucn?, mif 
80 bis 100 pro Min. aligenoinTnon hatic, wiinUin die Tiere in tier 
Regel gelotcf. Die Zcit^lie die Tiere nnter der verilnderten Gas- 
zusamniensetxung staiulcn, betrug nieisl et'va 1 •; bis •! Siumb-Ti. 


Gcgen Endc der Yersuebe sank die lluut- und Kt'ktalttnnperatur 
dor Tiere. Dies geht aus deni in Abl). 21 M'iedergt'gebenen Ver- 
such hervor. Dio. Yersnehstiere >ohcrn mi dieser /(‘it matt nnd 
elend aus und schnappen mit jedem Ateinzug naeb Lult. Ls k.aTn 
mancbmal vor, dass die Tiere bei einer AtemfnHjuenz von 140 


pro Min. plOt'/.lich starben. Sezierf man die Tiere unmittell'ar, 
nachdem sic yaisammengelirochen waren, so findot man moist, 
dass das Herz stark kontr;diier( ist, ebenso ivie man e.s .‘^iidil, 
wenn die Tiere in einein llistamin-;\stbma. das liingere Zeit 
anhielt, starben. 

Nacli der Einwirkung von Saue.r.stoffmangel und nach der 
gleicbzeitigen Einwirkung von isnuer.'toffmangel und Koldon- 
siuire-Obcrscbuss waren die versebiedenen Organe bei dor .^ek- 
tion stark zyanotiscb, sie zeigten aber im ilbrigen koine rnakro- 
skopiseben Verilndcrungen. 

Die ersto orionticreiule Yersuchsscrie, die iiber das Yerbalten 
der Gewebsoxydationen unter den fraglicben Bedingungon durcb- 
gcfiihrt w'urdc, ist in Abl). 22 wiodergegeben. 

In dicser Seric wurdcu ein Normalversucb (14. 1.1, zwei Ver- 
suche, in denen das Yersuchstier allein dem Saimr.^toffmangel 
ausgesetzt wurde (0.1. und 10. 1.), ein Yersueb. in dem das 
Tier der Einwirkung einc.s Koblensaure-(T)ev.^ebusses unterwor- 
fen wurde (12. 1.), und scblicsslich zwei Yersuebe. in denen die 
Tiere unter der gleicbzeitigen Einwirkung des 8auerstoffmangels 
und des Kohlensanre-Oborscbusses standen (10.1. umi Id, 1.). 
angestellt. Bei dei Analyse der in Abb. 22 wicderge*’'‘ebcnen 
Yersuchsserie ergibt sicb folgeiules: 

Lchc} , Abb. 22 ^i. 1 ergibt sich. dass die Gewebsatmung der 
Leber in den beiden Vcrsuclien, in denen das Tier gleiebzcitlir 
der Einwirkung des Sauerstofimangels und des Kobleusiinre- 
Oberschusses ausgesetzt war, deutlicb vermindert war. Da<>-ef''on 
zeigten sich keine sicheren Verilnderungcn der Gewebsoxvdn- 
tionen in der Leber unter den ilbrigen Yersuchsbedingungen. Es 


Abb. 22. Versuch vom 9. 1. bis 16. 1. 1942. 

Gewebsoxydationen bei verschiedenem Kohlensdure- und Sauerstoff- 
Gehalt der Einatmwigsluft. 

Allgemeinzustand der Versuchstiere: Ruhig wiihrend des VersucheS’. 

1. Leber. 2. Niere. 3. Oberschenkelmuskulatur. 4. Zwerchfell. 5. Herz- 
inuskel. 

(siebe auch Tabelle 7.) 

fallt aiif, dass der Kurvenverlaxif in dem Versuch vom 10. 1. das 
gleiche Aussehen hat, wie es die Kurve der Sauerstoffaufnahme 
in dem in Abb. 19 wiedergegebenen Histamin-Versuch bietet. 

Oherschenkehmiskulatiir: Abb. 22 Nr. 3. Nur ein Versuch 
zeigt eine deutliche Herabsetzung der Gewebsoxydationen, nam- 
lich der eine der Versuche, in denen das Versuchstier gleich- 
zeitig der Einwirkung des Sauerstoffmangels und des Kohlen- 
saure-Gberschusses unterworfen wurde. 

Zwerchfell und Gehirn: Abb. 22 Nr. 4 und 5. In diesen Orga- 
nen sieht man keine so deutlichen Veranderungen der Gewebs- 
oxydationen wie in der Leber. Vergleioht man aber die Befunde 
mit Abb. 18 Nr. 4, so erscheinen doch die Gewebsoxydationen 
bei Sauerstoffmangel wie bei Sauerstoffmangel und gleichzei- 
tigem Kohlensaure-Gberschuss ein wenig herabgesetzt. 
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mere: Abb. 22 Nr. 2. Unter alien Versuchsbc(lin"angen sind 
die Gewcbsoxydationen normal uiul von gleicher Gri3s.se, wic in 
clen in Abb. 18 nnd 10 AvicdcrgcRcbonen Yersueheti. Ebenso wie 
die Gon-ebso.xydationen der Nicrc vom Histamin-Astlima nicht 
beeinflusst wcrdcn, schcincn auch nntcr den bier angcwcndetcn 
Versnchsbedingungen die oxydativen Prozesse im Nierengewebe 
nicht veriindert zu verdcn. 

Die eben besprochene orientierendo Vcr.sticliHserie schien dar- 
auf hinzinvoisen, dass inindc.^^tens in bestimmten Organen die 
Gewobsoxydationen licrabgesctzt v'orden, wenn die \ersuchS' 
tiere vor ihrcm Tode cincr Verandcrnng in dor Zusammensctzung 
der Einatmungsluft ansgesetzt vnrden. Die Versuche der bctref- 
fenden Serie sprechen auch dafiir, dass man in manchcn Orga- 
nen (Leber und Oberschenkelmusknlatur) Inu der gleichzeitigen 
Einwirkung von Sauerstoffmangel und Kohlcnsaure-tjborschu.s5 
leichter Verjinderungcn in den Gcwebcn hervorrufen kann, die 
sich in einer Herabsetzung der oxydativen Prozesse raanifes- 
tieren. 

Da wir im experimentellcn Asthma, vie vciter oben dargcstellt, 
mit einer Herabsetzung der Saucrstoff.spannung und Erhohung 
der KohlensUurespannung im Organismus rechnen mii.'^sen, nn- 
tersuchte ich an einer grbssercn Anzahl von Yersuohstieren die 
Gewebsoxydationen, nachdem die Tiere der Einvirkung dor bei- 
den genannten Faktoren unterworfen vurden. Dies geschah, um 
ein geniigend grosses Yersuchsmaterial zu eriialten, das siclicre 
Schliisse zu ziehen erlaubte. Dagcgen vurde nur einc geringerc 
Zahl von Versuchen angestellt, in denen die Einwirkung des 
Sauerstoffmangels und des Kohlensiiureiiberscliusscs, jeder allein 
fur sich, untersucht wurde. Die Ergcbnisse der ausgefuhrten 
Versuche sind in Abb. 23 und 24 zusammengestellt. In diesen 
Versuchen wurden vor allem folgende Gevebe untersucht: Leber, 
Oberschenkelmusknlatur, Zwerchfoll, Herzmuskel und Nicre. 
Wie aus Abb. 23 hervorgeht, ist bei gleichzeitiger Einwirkwig 
von Sauerstoffmangel und Kohlensdure-Vberschuss die Ilerab- 
setzung des Sauer stoffverbrauches im Warburg-Vcrsuch fiir die 
Leber, die Oberschenkelmuskidatur, da.<f Zicerchfell und den 
Herzmuskel statistisch sic/wrgestellt. Dagegen sind die Gezcebs- 
oxydationen in der Niere nicht vermindert. hn allgemeinen 
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gehen die Versuchsergebnisse bet der Bestwwnmg der Sauer- 
stoffmifjmhme nach Warburg vollkommen parallel mit den Be- 
f linden liber das Verhalten der Oxydations-lntensitdt nach 
Thunberg. 

In manclien Organen ist eine Senkung der Gewebsoxydationen 
hiiufiger zu beobachten, als in anderen. So werden die oxyda- 
tiven Prozesse bedeiiteud hiinfiger in der Leber, im Zwerchfell 
und im Herzmuskel herabgesetzt, als in der Oberschenlvelmusku- 
latur. Die Streuung der Werte fiir die Sauerstoffaufnabme der 
Oberschenkelmuskulatur ist erheblich grosser, als die Streuimg 
der entsprechenden Werte fiir die iibrigen Gewebe. Im Methylen- 
blau-Versuch sind die Veranderimgen hier nicht so deutlich, wie 
die in der Leber, dem Zwerchfell und dem Herzmuskel gefun- 
denen. 

Vergreicht man die Herabsetzung der Gewebsoxydationen, 
wie sie an den verschiedenen Geweben einerseits im experimen- 
tellen Asthma, andererseits unter der gleichzeitigen Einwirkung 
von Sauerstoffmangel und Kohlensiiure-tlberschuss beobachtet 
wurde, so findet man eine frappierende Obereinstimmung, die 
sich bis auf alle Einzelheiten erstreckt. Die Leber liisst die stSrk- 
sten Wirkungen erkennen, die Niere liberhaupt keine, die Ober- 
schenkelmuskulatur zeigt die grosste Streuung der Werte usw. 

Dies diirfte zu dem Schluss berechtigen, dass mit grosster 
Walirscheinlichheit die Herabsetzung der Gewebsoxydationen 
im experimentellen Asthma auf der Senkung der Sauerstofften- 
sion und der Erhbhung der Kohlensduretension beruht, die wdh- 
rend des experimentelle Asthmas im Organismus zu beobachten 
sind. 

Die Herabsetzung der oxydativen Prozesse in den Geweben 
von Tieren, die im anaphylaktisohen Schoek getotet warden, 
diirfte ebenfalls auf diese Weise zu. erklaren sein. Man kann 
selbstverstiindlicherweise die Moglichkeit nicht vollkommen 
ausschliessen, dass die anaphylaktische Reaktion selbst eine 
Senkung der Gewebsoxydationen. bewirken kbnnte. Es ist aber 
nicht angangig, die Herabsetzung der Gewebsoxydationen als 
spezifisch fiir den anaphylaktischen Schock anzusehen, wie es 
Abderhalden und Wertheimer sowie BOngeler tun. Denn im 
Schock treten als Folge der Erschwerung des Gasaustausches in 
9 
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Abb. 23. Vbersichisbild dcr mit dcr Warbimj-Mctbode nu.tgrfiVirtcn Ver- 
suciic. .Teder Stab rcprcsenticrt cinen A’’er.s»di. Die Stiibc sind niir nach 
ihrer Lilnge gcordnct. In der Ruhrik Histamin-Astluna warden die Vcr- 
suclie, in denen der Asthma-Anfall wcnigcr al.H 5 Minutcn nndanerle, in 
einer be.sonderen Griippo 7.upanimengc.stollt. Diese Vcrsucbc warden aber 
in die Berechnang der Mittclwcrtc and der mittleren Felder mitaui- 
genommcn.* 

1. Leber. 

2. Oberscbenkelmiiskalatar. 

3. Zwercbiell. 

4. Herzmuskel. 

5. Niere. 

Ordinate: Sanerstoffaafnalanc in cmm wJUirond dcr er.«ten halben Stande. 

Abb. 24. Vbersichfsbild iiber die ausgcfiihrtcn MctliijlcnbIau~Vcrsuchc. 
Jeder Stab representiert cinen Vcrsacb. Die Stilbe sind dor Gr(i?se nach 
geordnet. 

In jeder Rabrik gibt eg drei Gruppen: 

Gruppe I: 1000 y Metbylcnblau in 5 cc, 

Gruppe 11: 1250 •/ » » 5 cc. 

Gruppe III: 1000 y » » 1,3 cc. 

1. Leber. 

2. Oberschenkolmuskulatur. 

3. Zwerchfell. 

4. Herzmuskel. 

5. Niere. 

Ordinate: Entfiirbungszeiten in Minuten. 


den Lungen Veranderungen dcr Sancr.stoff- iind Kolilensliure- 
tension des Blutes anf, die ihrerseits gemass den hier darcrestell- 
ten Versuclien im Stande sind, die Gewebsoxydationen zu senken. 

Wie friiher erwiilmt, konnte Bongeleh (1934) nach grossen 
Histamin-Dosen nur dann eine Herabsetzimg der Gewebsoxyda- 

^ Bei der Einwirkung von KohlensUure entluilt die Abb. einen darch- 
gehend auffallend Iiohen Wert. Dicser stanant von einem Versuch. der 
nach Abschluss der iibrigen Versuchsreihen mit einem albinotischen Tier, 
das von einem anderen Tierhiindler geliefert wurde, ausgefiihrt wurde! 
Zu den fruheren Vcrsachen warden stets gefilrbte Tiere verwendet Es 
ware mtiglicherweise richtiger, diesen AVert . auszuschliesseu, zamal da 
koine Kontrollversuche mit gleicbartigen Tieren ausgefiihrt werden 
konnten. 
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tionen nachweisen, wenii gleichzeitig schwere Allgemeinsymp- 
tome (u. a. Dyspnoe) auftraten. Dies Verhalten kann in der oben 
bcsprochenen Weise leicht erklart werden. 

Aligeseben von den vevschiedeneh Formen der Stenoseatmung, 
clUrfte man damit rechnen, dass anch bei alien anderen Zustan- 
den. bei denen sicli die Sauerstoffsattigung im Organismus in 
ausreichendem Grade vennindert nnd gleichzeitig die Kohlen- 
siliiretensinn erhdht, cine Veninderung in den Geweben entsteht, 
die, sich in einer Herabsetzung der oxydativen Prozesse mani- 
festiert. Dies gilt fiir alle Znstande, bei denen die Atmung oder 
der Kreislauf, soi es jedes dieser Systeme allein oder beide gleich- 
zeitig, insuffizient sind. 

Die von Ahdekhaltiex und Wehtheimeu nachgewiesene Sen- 
kung der Gewebsoxydationen im anaphylaktischen Schock ist 
demnach nicht fiir diesen, Ziistand spezifisch, wie es von den 
genannten Autoren angenommen \yurde. Die von jenen Verfas- 
sern gefundene Herabsetzung der Gewebsoxydationen hat aber 
durch die in dieser Arbeit vorgelegten Versuchsergebnisse 
einen erheblich weitgelienderen Inlialt erhalten. 

Die Veriinderungen der Gewebsatmung, die entstehen, wenn 
in der Einatmungsluft der Versuchstiere allein ein Sauerstoff- 
mangel oder allein ein Kohlensaure-tiberschuss liervorgerufen 
wird, haben fiir die Analyse der Herabsetzung der Gewebsatmung 
im expevimentellen Asthma eine geringere Bedeutung. Denn wir 
finden, wie weiter oben auseinandergesetzt, beim experimentellen 
Asthma stets beide Faktoren gleichzeitig veriindert. Ich unter- 
suchte daher die Veranderungen der Gewebsoxydationen unter 
dem Einfluss allein des Sauerstoffmangels und allein des Koh- 
lensaure-tiberschusses nicht in so grossem Umfange, dass sichere 
Schliisse gezogen werden kiinnten. Die Resultate der angestellten 
Versuche liegen aber in der Rich tung, dass der Kohlensaure- 
Gberschuss allein keine sicheren Veranderungen der oxydativen 
Prozesse in den Geweben bewirkt. Bei Sauerstoffmangel allein 
kann es anscheinend zu einer Verminderung der Gewebsatmung 
im Zwerchfell und im Herzmuskel kommen, wahrend in der 
Leber keine sicheren Veranderungen festzustellen sind. Be- 
sfimmte Griinde sprechen dafiir, dass mdglicherweise der Saiier- 
stoff?na7iqel fiir die Entstehung der Veranderungen in den Ge- 
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websoxydationen wesenillch isi, ubcr Diiiidcsiciis in inauciten 
Fallen muss der Smierstoff inavyed ditrc/i einen ylekhzeUUien 
Kohlensdure-Vbersclmss untersiMzt v'crden. Der Entstehuiij^s- 
mechanismus dieser Vcriindcrungen soil in spiiteren Untersii- 
clumgen eingehcnd boliandelt wcrden. 

3. Die anaerobe Glykolysc. 

In einigen Versuchsserien wnirden Bestiminiingen der anaero- 
ben Gljdcolyse durchgeliihrt, vor allein in der Leljer, da die.se das 
Organ ist, in dem mit grbsster Regelina.ssigkcit die .starkste 
Herabsetzung der Gewebsoxydationen feststollbar war. Diese 
Versuebe wurden nur angestellt, um cine Vor.stcllung 7.u gewin- 
nen, ob die Verunderungen der in vitro untersuebten anacroben 
Glykolyse mebr Oder weniger ausgesprochen waren, al.s die nach 
Warburg und Thunberg fcstgcstclltcn Verilndcrungen der Ge- 
websoxydationen. Tabelle 3 gibt die erbaltcnen Wcrle von 
einigen Versuchsserien wieder. Die angegebenen Wertc stellcn 
die Koblensiiure-Produktion von 200 mg Gewebsbrei in der cr- 
sten Stunde dar (siehe auch Tabelle 7) 

Tabelle 3. 

Glykolyse-Versuclie. 


Datum 

Art des Vcrsuclies 

cinm 

CO- 

26.1. 1943. 

Normal 

31 

26 

28.1. 1943. 

Histaminastbma 

47 

48 

29.1. 1943. 

Histaminastbma 

41 

35 

1.2. 1943. 

Normal 

33 

33 

■2.2. 1943. 

Os-Mangel -j- COj-Oberschuss 

34 

31 

22.2. 1943. 

On-Mangel -f- COn-Obersebuss 

24 

19 

23.2. 1943. 

Normal 

32 


26.2. 1943. 

On-Mangel 

31 



Vergleicht man die gefundenen W^erte fiir die Glykolyse mit 
den entspreebenden Verunderungen in den Gewebsoxydationen, 
so gewinnt man die Auffassung, dass die Veranderungen in der 
anaeroben Glykolyse, wenn man solcbe tiberbaupt feststellen 
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kann, wcniger ausgesproclien imd in ihrem Verlauf weit unregel- 
massiger sind, als die Veriinderungen der Gewebsoxydationen. In 
dem schweren Histamin-Versuch vom 29. 1. liegen die Werte ein 
wenig iiber der Norm, in dem einen der Versuche unter der Ein- 
wirkung von Sauerstoffmangel und gleichzeitigem Kohlensaure- 
Olierschuss, dem Versuch vom 22. 2., sind die gefundenen Werte 
etwas unter der Norm. In diesen beiden Versuchen waren die 
Gewebsoxydationen herabgesetzt, was sich am deutlichsten im 
Methylenblau- Versuch zeigte. Die eventuellen Yeranderungen 
der anaeroben Glykolyse liegen demnach in einer solchen Gros- 
senordnung, dass erst ein grosses Material ihre Feststellung 
gestatten wiirde. 

Es ist nur schwer moglich, aus dem Verhalten der Glykolyse 
in vitro Schliisse auf die Grdsse der Glykolyse in vivo unter ver- 
schiedenen experimentellen Bedingungen zu ziehen. Man ver- 
mutete (Meyerhof, 1937), dass nicht die gesamte in den Geweben 
analysierte Menge gewisser Co-Enzyme den enzymatischen Pro- 
zessen in vivo zuganglich ware, bevor die Organstrukturen zer- 
stSrt waren. Experimentelle Belege fiir diese Auffassung brachte 
Abdox (1942) bei, der fur das iiberlebehde Froschherz nachwies, 
dass nur ein kleiner Teil der als Adenosintriphospborsaure ana- 
lysierten Fraktion in vivo als Co-Phospborylase dienen konnte. 

Wie aus Kapitel V hervorgeht: ist der Milchsaure-Gehalt im 
Blut (und mit grosster Wahrscheinlichkeit auch im Gesamtor- 
ganismus) im anaphylaktischen Schock wie im experimentellen 
Asthma erhoht. Das Gleiche findet man bei Sauerstoffmangel 
und bei der gleichzeitigen Einwdrkung von Sauerstoffmangel 
und Kohlensaure-Oberschuss, wie aus Tabelle 4 hervorgeht. 

Die Untersuchungen iiber den Milchsaure-Gehalt des Blutes 
lassen nur den Schluss zu, dass die Glykogen-Resynthese und 
die oxydativen Verbrennungen der Milchsaure nicht der Grdsse 
der Milchsaure-Bildung entsprechen. Auf diese Weise entsteht 
de facto ein Oberschuss an Kalorien, der einer Sauerstoffschuld 
entspricht. Inwieweit die Glykolyse absolut genommen erhoht 
Oder gehemmt ist, kann nicht mit Bestimmtheit entschieden wer- 
den, da die Grdsse der Resynthese und der oxydativen Ver- 
brennungen der Milchsaure unbekannt ist. Nach Untersuchungen 
von O’Neill, Bing Moy und Manwaring (1925) nimmt beim Hund 
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TnbeJle 4. 


Datum 

Art lies Versuches Milchsaure 

Brenztrauhensanre 


in 

ing% 

in nig% 

8. 2. 43. 

Normal 

25 

3,1 

9.2. 43. 

Normal 

25 

2,5 , 

10. 2. 43. 

Leichtes anaphylaktisches 




Asthma 

28 

2,5 

22. 2. 43. 

Sauerstoffmangel und 




Kohlensaure-Gberschuss 


2,7 

23, 2. 43. 

Normal 


3,2 

26. 2. 43. 

Sauerstoffmangel 

154 

5,4 

3. 3. 43. 

Sauerstoffmangel und 




Kohlensaure-Fberschuss 

174 



der Glykogen-Gehalt der Leber im anapbylaktiscben Schock 
erheblick ab, wenn diesev Zustand langer als 10 Minuten an- 
dauert. Dies diirfte wahrscheinlich so gedeutet werden, dass eine 
Glykogenmobilisierung aus der Leber zu Gunsten anderer .Or- 
gane stattfindet. 

In Obereinstimmung mit den Ergebnissen arbeitsphysiologi- 
scher Untersuchungen sollte die Glykolyse im Beginn eines 
schwereren Asthmas vollkommen dem Ablauf der Glykolyse bei 
gewdhnlicher schwerer Mnskelarbeit in ihrer ersten, partiell 
anaeroben Phase entsprechen, dem Zustand, den man in den 
ersten Minuten nach Beginn der Arbeit beobachten kann, bevor 
sich die Lungen und der Kreislauf den erhdhten Anspriichen 
angepasst haben (siehe Bang, 1935), Im weiteren Verlauf eines 
experimentellen Asthmas oder unter der langdauernden Ein- 
wirkung eines Sauerstoffmangels und eines Kohlensaure-Dber- 
schusses ware es nicht unmoglich, dass die Glykose in vivo 
gehemmt sein konnte. Am anoxy.biotisch arbeitenden Frosch- 
herzen zeigte namlich Abdon (1942), dass sich die Cophospho- 
rjdase-Aktivitat in vivo rasch verschlechtert. 

Es ware mSglich, dutch Belastungsversuche mit Milchsaure, 
bezw. mit Glykose eine nahere Aufklarung iiber das Verhalten 
der Glykolyse in vivo beim experimentellen Asthma zu erhalten. 
Derartige Versuche mussten aber fur eine sphtere Arbeit zu- 
riickgestellt werdenl . . 



EXPERIMENTELLES ASTHMA 


137 


Ziisammenfassung. 

In den meisten Geiceben von Versiichstieren, die ein schwe- 
reres experimentelles Histamin-Asthma hatten, konnte eine Her- 
absetznng der Geioebsoxydationen nachgevnesen werden. In 
rnanchen Geweben dber, vor alleyn in der Mere, waren keinerlei 
Verdndenmgen zu konstaiieren. Bei leichferem Asthma warden 
keine siclieren Verdnderungen der Geioebsoxydationen gefunden. 

Die Geicebsoxydationen von Versiichstieren, die unter der 
Eimdrknng einer Vermindentng der Saiierstoffspannung und 
einer Erhohimg der Kohlensdurespannung in Hirer Einatmungs- 
luff standen, waren herabgesetzt. Diese Senkung der oxydativen 
Prozesse stinnnt bis in alle Einzelheiten mit der bei experimen- 
tellem Asthma gefundenen iiberein. 

Da im experiment ell en Asthma die Sauer stoffspannung ini 
Versuchsiier vermindert, die Kohlensdurespannung erhdht ist, 
kann mit grosster Wahrscheinlichkeit angenomnien werden, dass 
diese verdnderten Gasspanniingen die Vrsache filr die Herab- 
setzung der Geioebsoxydationen darstellen, die man ini Asthma 
findet. 

Imvieweit in den Geweben von Tieren, die ein experimentelles 
Asthma hatten Oder unter der Einwirkung einer Verminderimg 
der Sauerstoffspannung und.Erhohung der Kohlensaurespannung 
in der Einatmungsluft standen, A^eranderungen der anaeroben 
Glykolyse vorkommen, kann nach dem bier vorliegenden Mate- 
rial nicht mit Sicherheit entschieden werden. Die eventuellen 
Veriinderungen w'urden aber w'eniger ausgesprochen sein, als 
die der Gewebsoxydationen. 



KAP. VII. 


'\ 

»ie Eiinnrlaiiig eiiiiger Siibstaiizdii auf (lie 
erniedrigte Gcwebsatiiiiing. 

Im vorhergehenden Kapitcl wurdc gozcigt, dass bei Mcer- 
sch-wehichen, die untor dcr Einwirkung eincr Venniiulonuig der 
Saiierstoffspaiinung und einer Erhuhung dor Ivoh1enniiure- 
spannung im Blute standen, die Gewcbsoxydatinnen in vitro 
herabgesetzt sind, Man darf vcrmnten, das? diese Scnkung dor 
oxydativen Prozesse auf einer Stoning der enzyinatischon 
Prozesse in den Zellen bcruht. Wiire dies in dcr Tat der Fall, 
so wiire es von grosscm Intercsse, fcstzustcUcn, ob die lietrcf- 
fende Schildigung generell ist, oder ob sic sick auf liestiminto 
enzymatische Systcme bcscUriinkt. 

In diesem Kapitel wird iiber Versuchsorgobnisse l»ericbtet 
werden, aus denen hervorgeht: In den Geweben von Versucbs- 
tieren, die unter der Einwirkung einer erbobten COj-Spannung 
und einer herabgesetzten O^-Spannung des Blutcs Ptandcn, er- 
wies sich ein bestimmtes Enzymsystem. in vitro nntersucbt, 
als ungeschiidigt, wiUirend ein anderes geschildigt sein diirfte. 
Denn bei letzterem konnte cine Scliiidigung eines fiir dieses En- 
zymsystem notwendigen Coenzj'ms nachgewiesen werden. 

Im ersten Abschnitt dieses Kapitels wird der Effekt bebandelt. 
den der Zusatz von Laktat und von Succinat auf die Hcrab- 
setzung der Gewebesoxydationen ausiibt. Im zweiten Abschnitt 
wird die Wirkung des Zusatzes von Cozymase und Cocarboxy- 
lase besprochen. Die Effckte warden in der Regel nur an der 
Leber untersuclit. Eine geringere Anzabl von Yersneben wurdc 
auch an anderen Geweben durchgefiihrt, aber bier soli nur iiber 
die an der Leber ausgefiibrten Yersuche berichtet werden. 
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1. Die Einwirkung von Succinat und von Lakfat. 

Wie man friiher im allgemeinen annahm, sollte sich die 
Oxj’-dation der Bernsteinsiiure durch tierisches Gewebe in fol- 
gender Weise abspielen: 

Succinat (Succinodeliydrogenase) Cytochrome C B A 
Cytochromoxj’^dase 0,. 

Danach ware kein Coenzym Oder intermediarer Wasserstoff- 
iibertrager notwendig, urn den Wasserstoff vom Succinat auf 
das Cytochrom C zu iibertragen. Die Bernsteinsaure-Dehydro- 
genase wiirde demnach unter den tierischen Dehydrogenasen 
eine Sonderstellung einnebmen, indem sie unmittelbar mit dem 
Cj’-tochrom-System reagieren konnte. 

Aus neueren Untersuchungen von Hopkins, Morgan, Lutwak- 
Mann (1939), Stern und Melnick (1939), sowie Straub (1942) 
geht aber bervor, dass zwiscben der Bernsteinsaure-Debydrase 
und dem Cytocbrom C ein aktivierendes Prinzip eingescboben 
ist. Straub veranschaulicbt die Umsetzungen in folgender 
Weise: 

Bernsteinsaure-Debydrase SC-Faktor Cytocbrom C 
Cytocbrom A-^ Cytocbromoxydase. 

SC-Faktor bedeutet die Abkurzung fiir einen Succino-Deby- 
drase-Cytocbrom C verbindenden Faktor. Die Natur dieses 
Faktors diirfte nocb unbekannt sein. 

Zum Unterscbied von den Verbaltnissen bei der Succinat- 
Oxydation ist u. a. fiir die Laktat-Oxydation die Anwesenbeit 
von Coenzymen notwendig. Nacb Corran, Green und Straub 
(1939) und Straub (1940) lauft die Laktat-Oxydation im 
Methylenblau-Versuch in folgender Weise ab: 

1. Milcbsaure + Cozymase <:± Brenztraubensaure + reduzierte 
Cozymase. 

2. Reduzierte Cozymase + Diapborase-FIavoprotein = Cozy- 
mase + reduziertes Diapborase-FIavoprotein. 

3. Reduziertes Diapborase-FIavoprotein + Metbylenblau = Dia- 
pborase-FIavoprotein + Leukometbylenblau. 
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Man nalim an, dass die Cytochrome die physiologischen Aqiti- 
valente des Methylenblans waren. Die Yerhaltnisse diirften aber 
in dieser Beziehung noch niclit vollig geklart sein; denn redu- 
ziertes Diaphorase-Flavoprotein reagiert nach Straub nicht mit 
Cytochrom C. Aiicb wird das Diaphorase-Flavoprotein nicht 
durch C^-Dicarbonsaurekatalyse reoxydiert (vergl. Straub, 1942). 

Die. Einiinrlcung des Zusatzes von Succinat nnd Laktot aiif die 
Gewebsoxydationen. 

Nach Zusatz von Succinat in einer Endkonzentration von 
m/20 ziim Lebergewebe im Normal-Versuch findet man eine 
Starke Erhohung der Sauerstoffanfnahme beim Warburg-Ver- 
such (Abb. 26 und 27). Setzt man die gleiche Menge von Succi- 
nat dem Lebergewebe von Tieren zu, die unter der Einwirkung 
eines Kohlensaure-Dberschusses und Sauerstoffmangels standen, 
und deren Sauerstoffanfnahme infolgedessen herabgesetzt war, 
so steigt die Sauerstoffanfnahme so stark an, dass sie ebenso 
gross wird, wie die des normalen Lebergewebes nach Succinat- 
zusatz (Abb. 25 und 27). Die prozentuale Erhbhung der Sauer- 
stoffaufnahme nach dem Zusatz von Succinat ist demnach er- 
heblich starker, wenn die Sauerstoffaufnahme des Lebergewebes 
vor dem Zusatz herabgesetzt war, als wenn sie vorher normal 
war. 

Der Zusatz von Succinat zu normalem Lebergewebe im 
Methylenblau-Versuch erhdht die Oxydations-Intensitiit ein 
wenig. Die Erhohung scheint in der Regel starker zu sein, 
wenn das Succinat zu Lebergewebe zugesetzt wird, dessen Ent- 
farbungszeit nach der Einwirkung eines Kohlensiture-Dber- 
schusses und Sauerstoffmangels auf die betreffenden Versuchs- 
tiere verlangert ist. In dem in Abb. 25 wiedergegebenen Versucb 
betrug z. B. die Entfarbungszeit fiir die Leber 83 Minuten, und 
ftir die Leber + Succinat 37 Minuten, wahrend in dem in Abb. 26 
wiedergegebenen Normal-Versuch die Entfarbungszeit der Leber 
27 Minuten war, und die der Leber -f Succinat 22 Minuten. 

In Abb. 28 sind einige Versuche mit schwacheren Succinat- 
Konzentrationen dargestellt. In ihnen ist der Effekt auf die 
Sauerstoffaufnahme erheblich geringer. Bei einer Endkonzentra- 
tion von m/640 (II in Abb. 28) ist die Wirkung nur angedeutet. 
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bei einer Endkonzentration von m/108 dagegen erhalt man einen 
deutlichen Effekt. 

Bei einer Endkonzentration von m/108 wurde eine Succinat- 
menge zugesetzt, die einer Erliohung der Sauerstoffaufnahme um 
etwa 320 cmm entsprechen wurde, wenn alles Succinat in Fumarat 
umgesetzt wiirde. Die vollstandige Verbrennung des gesamten 
bei dieser Konzentration zugesetzten Succinates wiirde einer 
Erhohung der Sauerstoffaufnahme um etwa 2230 cmm ent- 
sprechen. Wie aus Abb. 28 hervorgeht, liegt die Steigerung der 
Sauerstoffaufnahme bei den mit dieser Succinat-Konzentration 
ausgefiihrten Versuchen zwischen etwa 100 und 230 cmm. Man 
muss allerdings damit rechnen, dass die in diesen Versuchen 
bestimmten Werte etwas zu niedrig waren, da die Erhohung des 
Sauerstoffverbrauches in der Einstellungs-Periode nicht beruck- 
sichtigt wurde. Man diirfte aber doch feststellen konnen, dass 
die ErhShung der Sauerstoffaufnahme nicht den Wert iiber- 
steigt, der einer vollstandigen Verbrennung des zugesetzten 
Succinates entsprechen wiirde. Diese Versuche sprechen dem- 
nach nicht dafiir, dass eine Bernsteinsaure-Katalyse anzunehmen 
ware (siehe Thunberg, 1943). 

Setzt man Laktat in einer Endkonzentration von ca. m/25 
dem Lebergewebe normaler Kontrolltiere im Warburg-Versuch 
zu, so findet man keinen oder nur einen unerheblichen Effekt 
auf die Sauerstoffaufnahme (Abb. 26 und 27). 

Setzt man Laktat einem Lebergewebe zu, dessen Gewebs- 
oxydationen infolge der Einwirkung von Sauerstoffmangel und 
Kohlensaure-tiberschuss herabgesetzt sind, so findet man in 
manchen Fallen keinen, in anderen einen einigermassen deut- 
lichen Effekt (Abb. 25, 27 und 28). Die Veranderung ist nicht 
so gross, dass die Sauerstoffaufnahme die Werte erreichen 
wiirde, die an Lebergewebe von normalen Kontrolltieren nach 
dem Zusatz der gleichen Menge Laktat zu beobachten sind. 

In Normal-Versuchen mit der Methylenblau-Methode wird 
nach dem Zusatz von Laktat die Oxydations-Intensitat etwas 
erhoht (Abb. 26, VII). In den Versuchen iiber die Gewebs- 
oxydationen im Asthma bleibt dieser Effekt aber haufig aus 
(Abb. 25, VII). Dies diirfte darauf beruhen, dass unter diesen 
Bedingungen die Laktat-Konzentration bereits optimal ist. 
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Abb. 25. Versuch vom 20. 0. 1042. Rcspirationsversiicli mid Ocweb.«oxyd.’i- 
tionen im Histainin-Asthma. Das Versiiclistier atmete in atmo.«]ib.'iri.erbcr 
Luft. Asthma wurde durch 1 ®/ooigc Hislamin-LOsung aiisgcliisl. 
Allgemeinzustand dcs Vcrauclisticres: Ruhig wiihrcnd des Vcrsuclics. 

1. Histamin-Aslhma bn geschlossenon System. 

I. Rektaltempcratur in Grad Cclsins. 

II und III. Hauttemperaturen in Grad Celsius. 

IV. Sauerstoffanfnahme in cc pro Minute (reduziert), 

V. Atemfrequenz pro Minute. 

VI. Schireregrad des Asthmas. 

2. Gewebsoxydaiionen in dcr Leber. 

I. Sauerstoffaufnaliinc im Warburg-Apparat in emm ftlr Leber -i- m/22 
Succinat. 

II. Sanerstoffaufnalime ini Warbnrg-Apparat in emm fiir Leber -r m/27 
Laktat + l,.’i mg Cozymase 11. 

III. Sauerstoffanfnahme im Warburg-Apparat in emm fiir Leber -f m/27 
Laktat + 0,.’; mg Cozymase II. 

IV. Sauerstoffaufnalime im Warburg-Apparat in emm fiir Leber + m/27 
Laktat. 
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V. Sauerstoffaufnahme im Warburg-Apparat in cmm fiir Leber. 

VI. Entfarbungszeiten in Minnten filr Leber. 

* » > » » + in/10 Laktat. 

> » » » » + m/lO Laktat + 

0,15 mg Cozymase II. 

IX. Entfarbungszeiten in Minnten fiir Leber + m/10 Laktat + 
0,5 mg Cozj^mase II. 

X. Entfarbungszeiten in Minuten fUr Leber + m/10 Laktat + 
1.6 mg Cozymase II. 

XL Entfarbungszeiten in Minuten fur Leber + m/10 Laktat + 
3,0 mg Cozymase II. 

XII. Entfarbungszeiten in Minuten fiir Leber + m/10 Laktot + 
3 mg Nicotinsiiureamid.^' 

XIII. Entfarbungszeiten in Minuten fiir Leber + m/10 Laktat + 
m/20 Succinat. 

3. Geioehsoxydationen der Oberschenkelmuskulatur. 
Bezeichnungen wie bei der Leber. 

(Siehe auch Tabelle 7.) 


Die Zeit ist 76, nicht 57, wie in der Abb. angegeben. 
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Abb. 26. Versucli vom 1. 7. 1W2. Rcsplration.’sversiich mid Geivel)?oxyda- 
tionen im KontrollversucJi zti Abb. 25. Bezeicbniingen und Konzentra- 
tionen wie in Abb. 25, sowcit nicht anders angegcben. Das Vcr.«ucbstior 
atmete in atmosph.'irischer Luft. 

Allgcmeinznstand des Versiichstieres: Ruing wiihrend des Vorsuehcs. 

1. Respiraiionsversuch. 

2. Gewebsoxydationen dcr Leber. 

II. Sauerstoffaufnahme im Warburg-Apparat in cmm fiir Lober 4- in/27 
Laktat + 3 mg Cozymase II. 

III. Sauerstoffaufnahme im Warburg-Apparat in cmm fiir Leber + m/27 
Laktat O,05 mg Cozymase II. 

3. Gewebsoxydationen der Oberschetihelmuskulciiur. 

Bezeichnungen wie bei der Leber. 

(Siehe auch Tabelle 7.) 

Es ist interessant, dass man nach liingerem Hunger (z. B. im 
Versuch vom 15.12.1942, in dem das Tier etwa 40 Std. ge- 
hungert hatte) eine Herabsetzung der Sauerstoffaufnahme der 
Gewebe im Warburg-Versuch finden kann. Der Ausfall des 
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Methylenblau-Versuches scheint nicht in so hohem Grade durch 
den Hunger beeinflusst zu werden. In diesen Fallen beobachtet 
man vor allem im Warburg-, aber auch im Metbylenblau-Ver- 
sucb nach dem Zusatz von Laktat einen . Effekt, der erheblich 
starker ist, als der nacb dem Zusatz von Laktat zu Geweben, 
deren Oxydations-Prozesse infolge der Einwirkung. von Sauer- 
stoffmangel und Kohlensaure-tJberschuss herabgesetzt sind. Die 
Wirkung des Laktatzusatzes diirfte in diesen Fallen am besten 
dadurch zu erklSren sein, dass bier ein Donator-Mangel besteht. 

Aus den in diesem Abschnitt vorgelegten Versuchsresultaten 
konnen folgende Schltisse gezogen werden: 

Da die Succinat-Oxydation im Warburg-Versuch nicht ge- 
schadigt ist, kann man hieraus schliessen, dass das Cytochrom- 
System + Straub’schem SC-Faktor in vitro ebenfalls nicht ge- 
schadigt ist. Wie sich die Verhaltnisse in vivo gestalten, lasst 
sich schwer beurteilen. Wie Forssman (1941) zeigte, steigt die 
Succinat-Konzentration im Blut bei Sauerstoffmangel, dem das 
Versuchstier ausgesetzt wurde, erheblich an. Dies diirfte darauf 
10 
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Abb. 27. Versuchc iiber das Verhaltcn dcr Gewebsoxydationen bci Zusatz. 
von grossen Mcngen Succinat und Laktat. Endkonzcntrationcn waren fiir 
Laktat in/27 and filr Succinat ni/20. 

1. Normalversuche. 

Kein Zusatz. 

Zusatz von Laktat. 

+++ Zusatz von Succinat. 

2. a. Asthma- Versuchc. 

^ — Kein Zusatz. 

Zusatz von Laktat. 

+++ Zusatz von Succinat. 

b. Sauerstoffmangel und Kohlensaurc-tlberschuss. 

Kein Zusatz. 

— • — • — Zusatz von Laktat. 

(Siehe auch Tabelle 7.) 

hinweisen, dass imter den fraglichen Bedingungen die Siiccinat- 
Oxydation in vivo erscliwert ist. Die einfachste Erkliining 
fur diese Erscheinung dtirfte die sein, die von Fors-sm.vk gegeben 
wurde, namlich dass Sauerstoffmangel die Ursache fiir das 
Fehlen der Succinat-Oxydation in vivo wJire. In diesem Fallc 
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Abb. 28. Versucho iiber das Verlialten dcr Gowebsoxydationen bei Zusatz 

kleiner Mengon Succinat und Laktat. 

1. Normalver.cucli vom 14. 12. 1942. 

2. Histamin-Asthma vom 23. 12. 1942. 

3. > » » 29. 12. 1942. 

4. ? » r- 21.12.1942. 

I. Saiterstoffaufnahmc im Warburg- Apparat in cmm fur Leber 
ohne Zusatz. 

II. .Sauerstoffaufnalimc im Warburg-Apparat in cmm fiir Leber + 
m/540 Succinat. 

III. .Sauerstoffaufnalimc im Warburg-Apparat in cmm fiir Leber + 
m/135 Lakt'it. 

IV. Sauerstoffaufnahme im Warburg-Apparat in cmm fiir Leber + 
m/27 Laktat. 

V. Sauerstoffaufnahme im Warburg-Apparat in cmm fiir Leber + 
m/108 Succinat. 

VI. Sauerstoffaufnahme im Warburg-Apparat in cmm fiir Leber + 
m/')4 Succinat. 

(Siche auch Tabelle 7.) 
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brauchte das Cytochrom-Systcm in kcincr Weise geschadigt zu 
sein. Diese Erklilrung wUrde atich am besten zu den bier vor- 
gelegten Versucbsergebnissen fiber das Verhalten der Gewcbs* 
oxydationen passen. 

Die Schlusse, die aus den Versuchen mil Laktat-Zusatz gc- 
zogen werden konnen, sind, dass die Herabsetzung dor oxyda- 
tiven Prozesso in den Gewcbcn von Tieren, die unter der Ein- 
wirkung eines Sauerstoffmangcls und eines Kohlcnsiiure-Ober- 
schussos standen, nicht allein auf eineni Lakfafdefizit bcruhen 
kann. Dies war aucb a priori kaum anzunehmcn, da im Sauer- 
stoffmangel der Milcbsilnre-Gehalt dcs Organismus erliObt ist. 
■Wie oben erwllhnt, sind im Hungerzustand die Gcwebsoxyda- 
tionen berabgesetzt, sie werden aber nach Zusatz von Laklat 
wieder vollkoramen normal. Vergleicht man die Gcwebsoxyda- 
tionen der Leber nacli dem Zusatz von Laktatunterdiesenbeiden 
verschiedenen Versucbsbedingungcn, so llLsst sick folgendes 
sagen: In beiden Fiillen ist Laktat im Oberschuss vorhanden. 
Dass in dem zuerst genannten Falle die Gewcbsoxydationen 
niedriger sind, als in dem zweitgenannten, beniht wahrschetnlich 
darauf, dass unter der Einwirkung dcs Sauerstoffmangcls und 
Kohlensliure-Oberschusses irgcndein Faktor gcschildigt wird. 
der fiir die Laktat-Oxydation notwendig ist. Im Abschnitt 2 
dieses Kapitels wird dieses Problem eingehcndcr bcliandelt. 


2. Verhalten der Gewebsatmung boi Zusatz bestimmtcr 
Coenzyme, vor allem dcr Cozjmasc. 

Im Methylenblau-Versuch an der Leber wird durch den Zu- 
satz von Laktat die berabgesetzte Oxydations-IntensitiU, die 
man in vitro findet, wenn die Versucbstiere unter dcr Ein- 
wirkung eines Sauerstoffmangcls und eines Kohlens:lure-t)ber- 
schusses standen, nur unwesentlicb Oder tiberhaupt nicht erhiiht. 
Dies geht beispielsweise aus Abb. 25 hervor. Es ist daher von 
Interesse, zu untersuchen, inwieweit irgend ein andercr der 
Faktoren, die fiir den normalen Ablauf dcr Laktat-Oxydation 
notwendig sind, geschildigt sein kOnnto. In dem Schema, das 
Straub angab und das oben erwllhnt wurde, werden ausser 
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Laktat Cozyniase und Diaphorase-FIavoprotein als notwendig 
bezeichnet. 

In orientierenden Versuchen fand ich, dass durch Muskelkoch- 
saft die herabgesetzte Oxy.dations-IntensitJit im Methylenblau- 
Versuch erheblich erhbht wurde. Da aber der Kocbsaft u. a. 
sowobi Donatorsiibstanzen wie Cozjrmase entba.lt, wendete icb 
bei der Weiterfubrung der Versucbe nicbt mebr Kocbsaft an, 
sondern untersucbte den Einfluss der Donatorsubstanzen und 
der Cozymase, teils gemeinsam, teils jeden dieser Stoffe fiir sicb, 
um unter besser definierten Bedingungen zu arbeiten. 

Nacb dem Zusatz von Cozymase zum Lebergewebe normaler 
Versucbstiere findet man eine deutlicbe Erbbbung der Oxydo- 
Reduktions-Intensitat im Metbylenblau-Versucb (siebe z. B. Abb. 
26). Dagegen ist im Warburg-Versucb der Effekt kaum mebr 
als angedeutet. Nur gegen Ende des Versucbes siebt man eine 
ganz geringe Erbobung der Sauerstoffaufnabme, wie es aucb 
Abb. 26 zcigt. 

Setzt man die Cozymase einem Lebergewebe zu, dessen oxyda- 
tive Prozesse infolge der Einwirkung von Sauerstoffmangel und 
Koblensaureiiberschuss auf die Versucbstiere berabgesetzt waren, 
so findet man im Metbylenblau-Versucb einen sebr erbeblicben 
Effekt. Dieser ist so stark, dass die Oxydations-Intensitat bei 
der Anwendung geniigend grosser Cozymase-Mengen die gleiche 
Hohe erreicht, die man am Lebergewebe normaler Versucbstiere 
beobacbten kann, nacbdem die gleicben Mengen Cozymase zu- 
gesetzt wurden. Dagegen war in der Sauerstoffaufnabme der 
Leber, untersucbt nacb Warburg, bei den angewendeten Kon- 
zentrationen der Cozymase (bis zu 6 mg Cozymase II) kein 
sicherer Effekt feststellbar. 

Die Wirkung des Cozymase-Zusatzes im Metbylenblau-Versucb 
wird durcb Abb. 29 verdeutlicbt, in der 1 Normal-Versucb und 5 
Versucbe mit berabgesetzter Gewebsatmung dargestellt sind. Aus 
der Abb. gebt zunUcbst bervor, dass die Oxydations-Intensitat 
nacb dem Zusatz grosser Mengen Cozymase in der Leber, deren 
oxydative Prozesse erbeblicb verlangsamt waren, ebenso gross 
ist, wie in der normalen Leber nacb dem Zusatz der gleicben 
Menge Cozymase. Ferner zeigt sicb, dass bei der Anwendung 
kleiner Mengen von Cozymase die Effekte in den Versucben 
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Abb. 29. Einwirkuug von Cozymasc im Mcthi/lenblau-Vcnuch. 

Ordinate: Entfiirbungszcitcn in Minutcn. 

Abszissc: Zugcsctztc Mengen Cozytnase in y. (Entfiprechciul Cozynia.'r I. 
In don Vcrsucbon wurde Cozyinase II .'ingf-wendet.) 


Versuch 1. 
> 2 , 

» 3. 

» 4. 

> 0 . 

> 6 , 


Ausgcfilhrt am 29. G. 1942. 

> > 2G. G. > 

» > 22.7. » 

» » 3. 7. > 

> » IG. 7. > 

» s 1. 7. > 


Ilistamin-Afthina. 
> » 

s > 

> > 

NormaI'Ver:<iicb. 
> > 


(Sichc ancb Taiielie 7.) 


stiirker waren, in dencn die Gewchsoxydationen heral>gesetzt 
waren. Dies ganze Verhalten durfte man am bc.'^ten so erkUlren 
konnen, dass die Lebergcwebe, die infolge der Einwirknng von 
Sauerstoffmangel und KohlensUure-Obcrschuss cine llerabsetzung 
der oxydativen Prozesse zeigen, an oinem }»Iangel an Cozyraa.*:^ 
leiden. 

Nach den durchgefiihrten Versuchen hat man allc Veranlas- 
sung, anzunehmen, dass im Lebergewebe normalcr Versuchstiorc 
die Cozymase-Konzentration sclion von Anfang an sicher nichl 
optimal ist, aber nicht so sehr weit nnter den optimalen Werten 
liegt. Deshalb durfte ein weiterer Zusatz von Cozymase keinen 
so grossen Effekt haben, wie es dann der Fall ist, wcnn der 
Cozymase-Gehalt von Anfang an weit unter dem Optimum liegt. 
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In beiden Fallen darf man den starksten Effekt erwarten, bevor die 
Cozymase-Konzentration in die Nalie des Optimums gelangt ist. 

Wenn auch die ausgefiihrten Versuche sehr dafur sprechen, 
dass die bier vorgelegte Erklarung ricbtig ist, so kann diese 
Auffassung docli erst dann als voll b.ewiesen gelten, wenn es 
gelingt, zu zeigen, dass der Cozymase-Gehalt der Leber von 
Tieren, die unter der Einwirkung eines Sauerstoffmangels und 
eines Kohlensiture-Oberschusses standen, niedriger ist, als der 
in der Leber von Normaltieren. Es zeigte sich, dass dies in der 
Tat der Fall ist, wie aus der folgenden Tabelle 5 hervorgebt, die 
alle im Januar und Anfang Februar 1943 ausgefiibrten Versuche 
mit Apozymase VI entbalt. 

Bei der statistischen Durchrechnung der in der Tabelle ent- 
haltenen Serien -vvurde der Wert des Versucbes vom 28. 1. 1943 
nicbt miteinbezogen, da das Versuchstier in diesem Versuch ein 
Asthma von weniger als 5 Minuten Dauer hatte. Wie friiber 
nachgewiesen, ist unter diesen Umstanden die Wirkung auf die 
Gewebsoxydationen, zumindestens was die Leber betrifft, er- 
heblich schwacber. 

Vergleicht man in der auf Seite 103 angegebenen Weise die 
Mittelzahlen des Cozymase-Gehaltes der Gewebe einerseits in 
den Normalversuchen und andererseits in den Versuchen, in 
denen die Tiere ein Histamin-Asthma batten oder unter der 
Einwirkung von Sauerstoffmangel und Kohlensaure-Oberschuss 
standen, so findet man, dass weniger als 1 % Wabrscheinlichkeit 
dafiir besteht, dass die gefundenen Unterschiede auf einem Zu- 
fall beruhen kbnnten. 

Was das Verhiiltnis zwiscben oxydierter Cozj’^mase und 
Dibydrocozj’^mase betrifft, so zeigen sich grosse Differenzen 
zwiscben den verschiedenen Versuchen. Dies steht in guter 
tlbereinstimmung mit frtiheren Untersucbungen (v. Euler und 
Mitarbeiter, 1938). Diese Verfasser nehmen an, dass die Varia- 
tionen auf enzymatischen Veranderungen bei der Extraktion 
beruhen. Es ware aber miiglich, dass die Veranderungen unter 
bestimmten Bedingungen ein Ausdruck fur den »Redox-Zustand» 
wilren, wie er zur Zeit vor dem Eintritt des Todes im Organismus 
herrscbte. Hierfiir spricht, dass icb in der Regel bei den Tieren, 
die in einem schweren Asthma sehr rasch starben, und bei 
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denen ein excessiver Sauerstoffmangel im Organismus herrschen 
musste, sehr niedrige Werte • fur das Verhaltnis Cozymase: 
Dihydrocozymase fand. Dies ’Verhalten wird durch den Ver- 
such vom 28. 1. 1943 in der Tabelle 5 belegt. 

Die Summe aus oxydierter Cozymase und Dihydrocozymase 
ist in den Normal versuchen erheblich konstanter, und in alien 
Versuchen etwas niedriger, als die Werte, die man durch die 
Extraktion mif dest. Wasser Oder Phosphat-Puffer erhalt. Dies 
steht ebenfalls in Ubereinstimmung mit den Befunden von v. 
Euler und seinen Mitarbeitern, die der bei der Neutralisierung 
zu Stande kommenden Salzbildung die fragliche hemmende 
Wirkung zuschreiben. Schlekk (1941) beziffert diese Hemmung 
der Vergarung auf bis zu etwa 20 %. In den Versuchen mit 
schwerem Asthma und langdauernder Einwirkung von Sauer- 
stoffmangel und Kohlensaure-tiberschuss ist es aber auffallend, 
dass die Summe aus oxydierter Cozymase und Dihydrocozymase 
erheblich (bis zu 100 %) niedriger ist, als die fur die totale 
Cozymase gefundenen Werte. Dies zeigt der Versuch vom 
29. 1. 1943. Es . ist im Augenblick nur schwer mbglich, sich 
uber die Ursache dieses Verhaltens zu aussern. 

In meinen Versuchen wendete ich, wie friiher erwahnt, drei 
verschiedene Cozymase-Praparate an, von denen das eine 
(Cozymase I) als reine Cozymase angesehen werden kann. Man 
fragt sich, ob die Stoffe, die in den beiden anderen Cozymase- 
Praparaten als Verunreinigungen enthalten sind, irgendeine 
Wirkung auf die Gewebsoxydationen ausiiben kbnnten. Um 
diese Frage aufzuklaren, stellte ich einige "Versuche an, in 
denen die verschiedenen Cozymase-Praparate im gleichen Ver- 
sueh miteinander verglichen wurden. In Abb. 30 wurden in 
einem Versuch mit COj-Uberschuss und Oo-Mangel und in einem 
Nonnalversuch dem Lebergewebe verschiedene Mengen Cozy- 
mase I und Cozymase III zugesetzt. 125 y Cozymase I ent- 
halten, wie friiher in Kapitel III nach dem Ausfall des Ver- 
garungsversuches angegeben, ebensoviel Cozymase, wie 735 y 
Cozymase III. In diesen Versuchen wurde keine Donatorsub- 
stanz zugesetzt. Wie aus Abb. 30 hervorgeht, diirfte die stimu- 
lierende Wirkung auf die Intensitat der Oxydationen fast aus- 
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Abb. 30. Mctbylenblau-Versuche mit Cozymasc I and HI. 

1. Zusatz von Cozj'masc I. 

2. » » » III. 

Die beidcn oberen Kurven in 1 und 2 gehiircn znm Vcrsuch vom 22. 2. 
1943 (COs-tlberscliuss und 0"-Mangel). 

Die beidcn unteren Kurven in 1 und 2 gehOren zum Vcrsucli vom 23.2. 
1943 (Normalversuch). 

Ordinate: Entfllrbungszeiten in Minuten. 

Abszisse; bei 1. }• Gozymase I, bci 2. j- Cozymapc III. 

schliesslich dem Cozj'mase-Gehalt der Priiparate zuzuschreiben 
zu sein. 

In einigen Versuchen untorsuchto icb auch die Einwirkung 
von Cozymase bei versebiedenem Gebalt an MetbyJenblau. 
Diese Versuebe warden durcbgefubrt, urn anszusebliessen, dass 
niebt etwa eine liingere Entfilrbungszeit im Metbylenbiau-Ver- 
such an und fiir sicb mit einem kraftigeren Cozymase-Effekt 
einbergehe. Es zeigte sicb aber, dass dies niebt der Fall ist, 
wie aiis dem folgenden Versueb bervorgebt: 


Versuch vom 25. 3. 1943. 

In der einen der Serien betrug der Metbylenblau-Zusatz 1000 v 
in der anderen 1500 y. Bei beiden Serien wtirde Cozymase III 
in versebiedenen Konzentrationen zugesetzt Kein Zusatz von 
Donator-Substanz. Siebe im iibrigen Tabelle 6. 
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Zugesetzte Menge 

Tdbelle 6. 

Entfiirbungszeiten von Methylenblau 

Cozymase III in y: 

in Min. 

fur 


1000 y: 

1500 y: 

— 

37 u. 40 

47 u. 50 

500 

37,5 

— 

1000 

31,5 

34 

3000 

21,5 

34,5 

4000 

19 

36 


Ich untersuchte im Methylenblau-Versuch einige Substanzen, 
von denen man sich denken kdnnte, dass sie beim Zerfall der 
Cozymase entstehen und eine Cozymase-ahnliche Wirkung baben 
konnten. Es gait hierbei, der Frage nachzugehen, ob die ge- 
fundenen Veranderungen durch die Cozymase selbst Oder etwa 
durcli ihre mdglichen Zerfallsprodukte ausgelost wiirden. Die 
nntersuchten Substanzen waren Adenylsaure, Adenosin, Adenin 
und Nicotinsaure-Amid. In Abb. 31 sind die Ergebnisse von 
zwei Versuchen wiedergegeben. Der eine ist ein Normalversuch 
(1), der andere ein Versuch, in dem das Versuchstier unter der 
gleichzeitigen Einwirkung von Sauerstoffmangel und Kohlen- 
saure-Dberschuss stand (2). In Abb. 31 stellt die Abszisse die 
Mengen der zugesetzten Substanzen dar, ausgedriickt in den 
ibnen entsprecbenden Cozymase-Mengen (Gozymase II). Dabei 
wrde mit dem von v. Euler und Schlenk (1936) angegebenen 
Molekulargewicbt der Cozymase gerecbnet, namlicb 663 (vergl. 
MyrbAck, 1937, Seite 122). Aus Abb. 31 gebt bervor, dass 
Cozymase die starksten Effekte ausubt. Die nacbst starke 
Wirkung bat Adenosin. Aucb Adenylsaure iibt in dem einen 
Versucb inkleinen Konzentrationen einen deutlicben Effekt aus. 
Ahnlicbe Ergebnisse wurden in anderen Versuchen erhalten. 
Man diirfte hieraus scbliessen konnen, dass die stimulierende 
Wirkung auf die Oxydationsprozesse, die bei dem Zusatz von 
Cozymase in den in diesem Kapitel vorgelegten Versuchen ge- 
funden wurde, auf einer spezifiscben Wirkung der Cozymase 
berubt. Diese Wirkung durfte in einer Steigerung der De- 
bydrierung einiger der in den Geweben vorhandenen Donator- 
Substanzen bestehen. 
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Abb. 31. Methylonblau-Versuchc. Einwirkung von CozymaFO 1 und von 
verschiedenen in dor Cozyniase cntbaltcncn Stoffcn, 

1. Normalversuch vom 11,3.1043. 

2. Sauerstoffmangel und KohlensiUire-Oberscbuss, Versuch vom 22 . 3. 1943, 
I. Cozymase I, 

II. Adenosin. 

Ill, AdenylsUure. 
rV. Nicotinsilure-Amid, 

V. Adenin. 

Ordinate: Entfiirbungszeiten in Minuten. 

Abszisse: Zugesetzte Mengen Cozymase in y (I), bezw. Mengen dor ande- 
ren Substanzen (II bis V), umgerechnct in cntsprcchende 
Mengen y Cozymase. 


Es ware denkbar, dass die Erhohung der Oxydations-Intensi- 
tat dutch Adenosia und Adenylsauro auf verschiedenen Ur- 
sachen beruhen kdnnte. Eine Moglichkeit ware, dass diese 
Substanzen von entsprechenden Aminasen zerstort wtirden, und 
dann eine Oxydation stattfSnde. Adenin diirfte aber nicht in 
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den Geweben zerstort werden (vergl. Oppenheimer, 1936, Seite 
557). Eine andere Erklarung ware, dass von den genannten 
Substanzen die Zerstorung der Cozymase gebindert wiirde. 
Mann und Quastel (1941) zeigten, dass Micotinsaure-Amid die 
Zerstorung der Cozymase durcb eine im Gebirn vorbandene 
Nucleotidase bindert. Die Verfasser nebmen an, dass die Ur- 
sacbe bierfur ware »a competion of nicotinamide with cozymase 
for the nucleotidases. Die Autoren werfen die interessante 
Frage auf, ob nicbt die tberapeutiscben Wirkungen des Nicotin- 
saureamids teilweise auf einem derartigen Effekt beruben 
konnten. 

Holmbeeg (1933) teiUo Versuclie mit, die dafiir sprechen, dass Meer- 
schweinchen-Leberextrakte Cozymase und einige Adenylsiiuren Oder 
ilire Spaltprodukte dehydrieren konnten. Es wiire daher nicht ganz aus- 
geschlossen, dass ein Teil der Steigerung, die in den hier vorgelegten 
Versuchen in der Oxydations-IntensitUt gefunden wurde, auf derartigen 
Prozessen beruhen kSnnte. Es ist aber aus quantitativen Grttnden nicbt 
wabrscbeinlicb, dass in den in diesem Kapitel weiter oben mitgeteilten 
Versuchen diese Verbliltnisse eine grosser e Rollen spielen kbnnten. 
Houiberg wendete in seinen Versuchen eine sehr kleine Konzentration 
von Thionin (25 y) an. Ferner ist in den Versuchen von Holmberg das 
System nicht intakt. Die Haltbarkeit von beispielsweise Cozymase dtirfte 
in derartigen Systemen schlecht sein (vergl. Lennerstrand, 1941). 

Wie aus Abb. 29 bervorgebt, wird im Metbylenblau-Versucb 
die Oxydations-Intensitat der Gewebe von Tieren, die unter der 
Einwirkung eines Sauerstoffmangels und eines KohlensSure- 
tlberscbusses stand.en, nacb dem Zusatz von Cozymase wieder 
normal. Man darf daher vermuten, dass von den unter den 
fraglicben Bedingungen notwendigen Faktoren des enzymati- 
scben Systemes es hauptsachlicb die Cozymase ist, die gescha- 
digt wird. Das Diaphorase-Flavoprotein durfte dagegen unter 
den Bedingungen d.es Methylenblau-Versucbes mindestens aus- 
reichend intakt sein. 

Dass der Zusatz von Cozymase keinen stimulierenden Effekt 
auf die Sauerstoffaufnahme, bestimmt nacb der Warburg-Me- 
tbode, ausiibt, durfte wabrscbeinlicb darauf beruhen, dass 
ausserdem noch ein anderer notwendiger Faktor geschkdigt ist. 
Es ist nicht unwahrscheinlich, dass dieser Faktor in naber 
Beziebung zu dem Diaphorase-Flavoprotein-System oder auch 
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zu dem nicht siclier l)ekiinnfen Verl)indungsp:lir:d zwisclieii dio- 
sem System iind dem Cytochrom-System steht. Urn diese Fraf^en 
nUher zu studieren, musstcn in vitro vorschiedene Flavinenzymc 
in ihrer Wirkung auf die hcrahgesctzlcn Gewebsoxydationen 
untersiicht werden. Ein andcrer gangbaror Wcg ware mOg- 
liclierweise, Meersclnveincbcn vcrsehiedone in der Cozymase 
und den gelben Fermenien enthaltene Substanzen zu injizieren, 
urn vielleiclU auf diese Wcisc ciner Schiidigung des fraglichen 
Fermentsystemes entgcgenzuwirkcn. Ein driller Weg ftir die 
Fortsetzung der Arbeit wiire. mchr Donator-Sul)Stanzcn zu 
untersuchen, als bisher in dicser Arbeit gcprlift vurden. Diese 
Fragen mussten aber ciner spatcren Untersuehung vorbchalten 
werden. 

Die in diesem Abschnitt nachgewicseno Sclifidigung der Cozy- 
mase in der Leber, zu dcr cs tinier der Einwirkung dcs Sauer- 
stoffmangels und des KohlensUure-tjborsclmsscs kommt, kann 
moglicbenveisc zum Verstiindnis des friiber Itcsprocbcnen Yer- 
baltens beitragen, dass niimlicb die Ilerabsetziing dcr Gewebs- 
oxydationen in der Leber sebeinbar leiebter cr/olgt, wenn 
Sauerstoffmangel und Koblensaurc-Uberscbuss gleicbzcitig cin- 
wirken. Aus Untersuebungen von u. a. v. Euleu und scinen 
Mitarbeitern (193S) gebt licrvor, dass die Dibydrocozymase in 
saurerem Milieu tveniger stabil ist, ein Verbalten, das der I3e- 
stimmung der oxydierten und dcr reduzierten Form der Cozy- 
mase zu Grunde liegt. Wie oben nuseinandergesetzL spreeben 
bestimmte experimcntellc Befundc dafiir, dass bei schwerem 
akutem Sauerstoffmangel im Organismus cine Versebiebung des 
Verbaltnisses Cozj'-mase: Dibydrocozymase in dcr Riebtung er- 
folgt, dass die Dibydrocozymase uberiviegt. Wenn jetzt gloicb- 
zeitig ein Koblensiiure-tJberscbuss bestebt, so ware es denkbar, 
dass infolgedessen der Zerfall der Dibydrocozymase vermebrt 
ist. Diese mbglicbe Erkliining wird mit allem Yorbebalt ange- 
fubrt, da die Stabilitiltsverbaltnisse der CozjTuasc in vivo nicht 
bekannt sein dUrften. 

In der Nacliperiode nacb einem langdauernden Astbma konnen 
die Versuchstiere matt ausseben, ibre Kbrper- und Hauttem- 
peratur kann lange Zeit erniedrigt sein (siebe Abb. 11). Im Hin- 
blick auf die oben besebriebenen Yerilnderungen im Cozymase- 
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System, ware es nicht ausgeschlossen, dass dieser Zustand der 
Versuchstiere durch eine Storung der intermediaren enzymati- 
schen Prozesse verursacht ware. 

Wenn die Versuchstiere unter der Einwirkung des Sauerstoff- 
mangels und des Kohlensaure-tlberschusses stehen, sind meist 
die Veranderungen der Gewebsoxydationen in der Leber am 
deutlichsten. Lennerstrand (1941) zeigte, dass die Stabilitat der 
Cozymase auf einem intakten glykolytischen System beruht. 
Wie O’Neill, Bing Moy und Manwaring (1925) zeigten, ver- 
schwindet im anaphylaktischen Schock das Glykogen fast voll- 
standig aus der Leber. Es diirfte nicht ausgeschlossen sein, dass 
dies die Glykolyse herabsetzen und dadurch zu einer Vermin- 
derung der Stabilitat der Cozymase beitragen kbnnte. In Ver- 
folgung dieses Gedankenganges ware es interessant, die Ver- 
anderungen der Gewebesoxydationen im experimentellen Asthma 
zu priifen, nachdem den Versuchstieren Zucker zugefiihrt wurde. 

Cocarboxylase-. In einigen Versuchen wurde (mit der Warburg- 
wie mit der Methylenblau-Methode) der Einfluss der Cocarboxy- 
lase auf die herabgesetzte Gewebsatmung im experimentellen 
Asthma gepriift. Dabei konnte kein stimulierender Effekt kon- 
statiert werden. Die zugesetzten Mengen gingen bis zu 1 mg. 
Wie aus Tabelle 4 hervorgeht, braucht bei Sauerstoffmangel und 
Kohlensaure-Oberschuss keine deutliche Erhohung des Brenz- 
traubensaure-Gehaltes in vivo zu erfolgen, obgleich die Gewebs- 
oxydationen herabgesetzt waren. Dies ganze Verhalten spricht 
moglicherweise dafiir, dass keine Storung in den Cocarboxylase- 
Funktionen vorliegt. 

Zusamm enfassun g. 

Die herabgesetzten Gewebsoxydationen in der Leber von Ver- 
suchstieren, die unter der Einwirkung eines experimentellen 
Asthmas oder eines Saiierstoffmangels und Kohlensdure-Vber- 
schusses standen, kbnnen im Warburg- une im Methylenblau- 
Versuch durch den Zusatz von Succinat erhoht werden. Hieraus 
diirfte der Schluss zu ziehen sein, dass das Cytochrom-System 
inclusive des STRAUs’schen SC-Faktors in vitro intakt ist. Die 
Versuche stiltzen nicht die Auffassung, dass die Wirkung des: 
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Succinates cine C^-Dicarbonsaure-Katalyse nach SzKS'T-GyouGYi 
darstellt 

Dcr Cozymase-Gehalt dcs Leberffcincbcs van VcrsncJisticrcn, 
die ein expermcnielles Asthma hatten after tinier der gleich- 
zeitigen Einwirtning eincs Saucrsloff mangels und Kohtensunre- 
Vberschusses standen, ist herabgesctzi . Die verminderten Ge- 
vtebsoxydaiionen bei dicsen Ztisfiindcn Ubnnen durch dm Znsatz 
von Cozymase im Methylcnblau-Versiich, aber nichf im Warlntrg- 
Versneh erhohi tcerden. 

Bei clem Zusatz von Cocarboxylaso wunlc kein Effokt auf die 
lierabgcsetzten Gesvebsoxydationen gefunden. 



KAP. VIIL 


Scliliissbemerkimgeii und Ziisamineiifassimg. 

Die Untersucliungen dieser Arbeit gingen davon aus, dass die 
Sauerstoffaufnahme bei verschiedenen Formen der Stenose- 
atmung nach den bisherigen Angaben der Literatur nicbt in 
einheitliclier Eichtung verandert ware. Die eigenen Versuchs- 
ergebnisse, die mit einer Form der Stenoseatmung gewonnen 
warden, die klare und ubersichtliche Versuchsbedingungen im 
Tierexperiment gestattet, namlich dem experimentellen Asthma, 
ausgelost durch Histamin-Inhalation oder auf anaphylaktischem 
Wege, liessen aber erkennen, dass die scheinbaren Widerspriiche 
der bisherigen Befunde durch die Differenzen im Schweregrad 
der Atmungsbehinderung und durch den verschiedenen Zeit- 
punkt der Untersuchung erklart werden konnen. Im leichten 
experimentellen Asthma des Meerschweinchens steigen die 
Lungenventilation, die Sauerstoffaufnahme und der respira- 
torische Quotient an. Bei schwerem Asthma dagegen nehmen 
die Lungenventilation, die Sauerstoffaufnahme und der respira- 
torische Quotient ab. Die in der Nachperiode beobachteten Ver- 
anderungen dieser Grossen hangen ebenfalls allein von dem 
Schweregrad des iiberstandenen Asthmas ab: Nach einem leich- 
ten Asthma sinken die Lungenventilation und die Sauerstoff- 
aufnahme wieder zur Norm ab, nach einem schweren Asthma 
steigen die Lungenventilation und die Sauerstoffaufnahme weit 
liber die Norm an. Wahrend eines schweren Asthmas ist die 
Sauerstoffsiittigung des arteriellen Blutes, zum Teil sehr erheb- 
lich, vermindert; gleichzeitig ist der Milchsaure-Gehalt des 
arteriellen Blutes erhoht. Diese Befunde im Zusammenhang 
mit dem Verhalten des respiratorischen Quotienten lassen er- 
kennen, dass der asthmatische Zustand der Versuchstiere durch 
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Sauerstoffmangel und einen gleichzeitig bestehenden Kohlen- 
simre-Uberschuss im Organismus gekennzeichnet ist. Als Ur- 
sache dieser Veranderimgen durfen wir die Erscliwerung des 
Gasaustaiisches in der asthmatischen Lunge ansprechen. 

Es lag nahe, die Analyse des Verhaltens der oxydativen Pro- 
zesse im Asthma bezw. unter der Stenoseatmung in der Richtung 
%Yeiterzufuhren5 dass die Gewebsoxydationen selbst mit den 
hierfur geeigneten Metlioden (Warburg- und Methylenblau-Ver- 
such) untersucht wurden, dies um so mehr, als Abderhalden 
und Wertheimer auf Grund Hirer Befunde die Herabsetzung der 
Gewebsatmung im anaphylaktischen Schock als fur diesen Zu- 
stand spezifisch ansahen. In meinen Untersuchungen an den 
Geweben von Tieren, die im Histamin-Asthma starben Oder 
getotet wurden, zeigte sicli, dass die oxydativen Prozesse in 
den meisten untersuchten Geweben mehr oder weniger herab- 
gesetzt waren. Die starkste Erniedrigung der Gewebsatmung 
liess stets die Leber erkennen, Avahrend die Nierenrinde in Hirer 
Atmungsgrosse unverandert blieb. Eine bis in alle Einzelheiten 
gleichartige Herabsetzung der Gewebsoxydationen findet man 
in den Organen von Versuclistieren, die vor ilirer Totung der 
Einwirkung eines Sauerstoffmangels und gleiclizeitigen Kohlen- 
saure-Uberscliusses ausgesetzt ivurden. Da Avir, vde oben be- 
merkt, AvUhrend des asthmatischen Zustandes im Gesamtorga- 
nismus mit dem Bestelien eines Sauerstoffmangels und Kolilen- 
saure-tJberschusses rechnen durfen, kann fur die Entstehung 
der Veriinderungen der Geivebsatmung im Astlima der Schluss 
gezogen Averden, dass sie ebenfalls durch den Sauerstoffmangel 
und gleiclizeitigen Kohlensaure-Dberschuss hervorgerufen Aver- 
den. Damit zeigte sich auch, dass die Herabsetzung der GeAvebs- 
oxydationen im anaphylaktischen Schock nicht, Avie friiher von 
Abderhaldex und Wertheimer angenommen, fiir diesfen Zustand 
spezifisch sein diirfte. Vielmehr haben Avir ganz allgemein bei 
jedem Zustand, der mit einem Sauerstoffmangel und Kolilen- 
saure-Hberschuss im Organismus einhergeht, eine Herabsetzung 
der GcAvebsatmung zu erAAmrten. 

Versucht man die Entstehungsbedingungen der Herabsetzung 
der Gewebsoxydationen weiter zu analysieren, so muss man sich 
fragen, ob der ursiichlich so bedeutungsvolle Sauerstoffmangel 
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und Kohlensaure-Oberschuss zu einer generellen Schadigung der 
enzymatisclien Prozesse in den Zellen fiihrt, oder ob nur einzelne 
Glieder des Atmungssystemes geschadigt sind. Die in dieser 
Kichtung angestellten Untersuchungen zeigen, dass der Zusatz 
von Succinat zu Lebergewebe im Warburg-Versuch die ernie- 
drigte Gewebsatmung erhoht. Hieraus ist zu schliessen, dass das 
Cytochrom-System in vitro intakt ist. Setzt man im Metbylen- 
blau-Versuch der Leber, deren oxydative Prozesse durch ein 
Histamin-Asthma oder die Einwirkung des Sauerstoffmangels 
Oder Kohlensaure-tlberschusses herabgesetzt sind, Cozymase zu, 
so steigt die Gewebsatmung erlieblich an, und erreicht die gleiche 
Grosse, "wie man sie nach dem Zusatz von Coz3’^mase zu nor- 
malem Lebergewebe beobachtet. Wie sich ferner zeigte, ist der 
Cozymase-Gehalt der Leber von Versuchstieren, die im Histamin- 
Asthma starben bezw. getotet wurden oder die unter der Ein- 
wirkung eines Sauerstoffmangels und Kohlensaure-Oberschusses 
standen, deutlicb vermindert. Aus diesen Versuchsreihen ist zu 
schliessen, dass eine Schkdigung der Funktionsablaufe vorliegt, 
in die die Cozymase normalerweise eingreifen muss. Da bekannt- 
lich die Cozj’'mase fiir verschiedene Oxydo-Reduktions-Prozesse 
in den Zellen von wesentlicher Bedeutung ist, liegt es nahe, 
diese Befunde zur Erklarung der in dieser Arbeit nachgewiese- 
nen Herabsetzung der Gewebsatmung im experimentellen Asthma 
heranzuziehen, wenn auch betont werden muss, dass die Schadi- 
gung des Cozymase-Systems nicht die alleinige Ursache dieser 
Veranderungen sein kann. 

Die Entstehungsbedingungen der Herabsetzung der Gewebs- 
oxydationen im experimentellen Asthma mogen noch in manchen 
Punkten einer eingehenderen Klarung bediirfen. Wesentlich 
scheint aber fur jede weitere Analyse das hier festgestellte 
Verhalten zu sein: jede schwere Stenoseatmung verandert schon 
an und fiir sich die oxydativen Prozesse in den. Geweben. 
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Tabelle 7. 


Methylenblan-Versuehe 

Zugesetzte 
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blau in y 
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27; 20 

30; 33 



1000/1,3 cc 




24:24 

24; 29 



» 





30 



1 



3-2—3 

80; 71; 97; 88 

36; 27; 26; 35 



> 



5-4-3 

27; 23; 27; 29 

22; 19; 27; 21 



> 




39; 36; 44; 39 

28; 21; 20; 23 



» 



5 

42; 48; 50; 41 

36; 29; 35 



» 



3-4 

40; 49 

40; 36 



> 



3—4-3 

71; 61 

30,33 



> 



3-4-3 

52 

24 



> 



1—2 

23 

33 



> 




^3; 24 

37; 30 

22; 14 


> 




— 

— 



> 



3 

- 

— 






3 

— 

— 



> 



3-5 

29 

33 

23 

39 












2—3 

18 

33 

50 

53 




3-4 

34 

48 

34 

31 

> 




30; 25; 31 

41:44:40 

36; 33:44 

34; 37; 37 





37; 33; 35 

40; 44; 38 

44; 49; 55 

34; 32; 33 

> 



1-3 

49; 50; 47 

47; 43; 51 

47; 48; 55 

45; 33; 35 

> 



3-2-3 

■ 3^; 36; 33 

51; 43; 46 

45; 52; 54 

32; 31; 30 

> 




51f 54; 56 

48; 47; 54 

75; 64; 69 

42:42; 34 

> 

3,61 

2,30 


36; 37; 38 

45; 42; 47 

45 

43; 36; 41 





40; 36; 33 

43; 41; 43 

54 

35; 34; 30 





34; 35; 35 

52; 51; 45 


41; 32; 27 





83; 63 

56; 50; 52 


54; 49 

> 




45; 43:40 


48 

50; 52 

> 




33; 35; 35 

54; 50 


34; 41; 45 

> 

2,71 

0,32 


Ih 60; 70 

61; 55 

43 


> 

3,69 

2,33 


3(L^4; 28 

55; 56 



> 




65; 42; 50 

42; 37 

74 


> 













